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ELECTRO-OPTICAI . GI A7ING STRT irTT TRPc; 
H AVING RER.RCTTON AND TR AN.SPARENT MOHES OF OPF.R ATTONI 

B ACKGROI JNO OF THE TN VFNTTOM 

Technical Field 

The present invention relates generally to an electro-optical 
glazing structure having total-reflection and semi-transparent and 
totally-transparent modes of operation which are electrically- 
switchable for use in dynamically controlling electromagnetic 
radiation flow in diverse applications. 

Background Art 

The use of windows in homes, commercial buildings, and 
automotive vehicles alike is very well known. The reasons for 
providing windows in such structures and systems are directly 
related to the functions they perform. For example, window 
structures provide for ventilation, lighting, a sense of spaciousness, , 
well as a way of making contact with the outdoors. Windows made 
of glazing (e.g. glass material) also permit selective transmission of 
electromagnetic radiation between the outdoors and the interior 
space of homes, commercial buildings, and automotive vehicles. 
While conventional forms of glazing serves many useful functions, 
such forms are not without problems. 

An appreciation of the problems presented by the use of 
conventional glazing in windows, can be most easily attained by 
recognizing the nature and composition of electromagnetic radiation 
with which windows universally come in contact. 
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On a clear day at sea level, electromagnetic radiation is 
composed of 3% ultraviolet light (i.e. electromagnetic radiation in the 
UV band), 44% visible light (i.e. electromagnetic radiation in the 
visible band), and 53% infrared light (i.e. electromagnetic radiation in 
the IR band). In accordance with the laws of physics, 50% of all 
electromagnetic radiation produced is left hand circularly polarized 
(LHCP) while the other 50% thereof is right hand circularly polarized 
(RHCP). The total electromagnetic radiation striking a window 
surface is a combination of direct radiation from the Sun and diffuse 
radiation from the ambient environment. While electromagnetic 
radiation is broad-band in nature, it is the ultraviolet light 
component thereof which causes molecular decomposition in various 
types of plastic material and inorganic dyes, which results in color 
fading. a 

When electromagnetic radiation strikes a glass window, three 
different physical processes occur. Some of the radiant energy is 
transmitted through the glass; some of the radiant energy is reflected 
off the glass; and a small portion of the radiant energy is absorbed by 
the glass. The energy transmitted through the glass window is 
typically absorbed by furnishings or structures within the interior 
environment, and often becomes trapped therewithin causing an 
increase in interior temperature. 

, Depending on the season, electromagnetic radiation transmitted 
through glass windows can be either mitigate or worsen the thermal 
loading imposed upon the heating and cooling systems associated 
with the glass windows. Consequently, during the hot weather 
season, it is highly desired to shield windows and sliding glass doors 
from electromagnetic radiation in order to lessen thermal loading 
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upon cooling systems. During cold weather season, it is highly desired 
to expose windows and sliding glass doors to electromagnetic 
radiation in order to lessen thermal loading on heating systems. 
In short, it is highly desired to selectively control the 
5 transmission of electromagnetic radiation through window structures 

at different times of the day and year so that thermal loading upon 
the heating and cooling systems of residential, commercial and 
industrial building environments can be minimized. By minimizing 
such thermal loading, power can be used in an economical manner to 
10 control the internal temperature of residential, commercial and 

industrial building environments. Achievement of this goal would 
impact the natural environment in a positive manner, while 
improving the quality of life. 

With such objectives in mind, great effort has been expended in 
1 5 recent times to improve the ways and means of selectively 

controlling the transmission of electromagnetic radiation through 
window structures. 

One approach to electromagnetic radiation control involves 
using a window shade to reduce the transmission of electromagnetic 
20 radiation through windows. The most popular type of shade is the 
window blind. However, as window blind is mounted within the 
interior of the building or transportation environment, 
electromagnetic radiation is allowed transmit through the window, 
raise the temperature within the internal environment, and thus 
25 increase thermal loading on cooling systems during the hot weather 
season. Also, the operation of window blinds requires mechanical or 
electro-mechanical controls which tend to be bulky and expensive to 
manufacture, install and maintain. 
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Another approach to electromagnetic radiation control involves 
the use of sun control films which are physically applied to the 
surface of glass windows in building and automotive vehicles alike. 
Presently a variety of different types of sun control film are 
marketed by various firms. Such electromagnetic control films can 
be categorized into one of the three basic categories, namely: high 
reflectivity film; heat saving or winter film; and fade protection film. 

High reflectivity electromagnetic films are most effective at 
blocking summer heat. The higher the reflectivity of electromagnetic 
film, the more effective it will be at blocking electromagnetic 
radiation. Electromagnetic reflectivity film having a silver, 
mirror-like surface is more effective in blocking electromagnetic 
radiation than the colored, more transparent films. Electromagnetic 
reflectivity films can lower the U- value of glass by more than 10%. 
Notably, in climates having long heating seasons, the use of high 
reflectivity film prevents using the winter sun to warm the interior 
of buildings during the cold weather season, and thus lessen thermal 
loading on building heating systems. 

Heat-saving or winter films are designed to reduce winter heat 
losses through glazing. These films can lower the U-value of glass 
windows by more than 20%. 

Fade-protection films are designed to filter out ultraviolet rays. 
Ultraviolet rays cause about 60-65% of color fading in most home 
furnishing fabrics and automobile dash boards. 

While electromagnetic radiation control films of the types 
described above can be used to control heat and glare, eliminate sun 
damage, and to a lesser extent, reduce visibility into buildings during 
the daytime. The major disadvantages thereof are reduction in 
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interior light, loss of visibility, and extra care required in cleaning. 
Moreover, prior art electromagnetic window films are incapable of 
changing from transmissivc during winter months to reflective 
during summer months in order to effectively use electromagnetic 
5 radiation for dynamic temperature control of biological environments 

(e.g. human habitats, greenhouses and the like). 

An alternative -approach to electromagnetic radiation control 
involves using special glass panels having radiation transmission 
characteristics which effectively absorb (i.e. block) the infrared and 
1 0 ultra violet wavelengths, while transmitting the visible wavelengths 

thereby allowmir window viewing and day light to enter the interior 
spaces of buildmys usuu' such window technology. While the light 
transmission ch.ir.utcrisdcs of such glass provides a measure of 
electromagnetic radi.itum control during cooling seasons, where 

1 5 outdoor temperatures tend to be above 72 degrees Fahrenheit, its IR 

absorption character! sius prevents, during heating season, IR 
wavelengths of .Sun light to warm the interior spaces of building 
structures in which such glass panels are installed. Consequently, 
during heating seasons, such glass fails to lessen the thermal loading 

2 0 on the heating systems ot such buildings, as would be desired in an 

effort to conserve energy and heating resources during the winter 
months. 

In recent times, there has been great interest in using variable 
light transmission ghiss or glazing, referred to as ''smart windows'^ to 
2 5 achieve electromagnetic radiation (i.e. energy) control in buildings 

and vehicles alike. The reason for using smart window^ structures, 
rather than conventional glass v^indow panels, is quite clear. Smart 
window structures have light transmission characteristics that can be 
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electrically controlled during the course of the day (or year) in order 
to meet lighting needs, minimize thermal load on heating and/or 
cooling systems, and provide privacy within the interior spaces of 
buildings and . vehicles alike. 
5 The use of chromogenic switchable glazing or smart windows 

for controlling the flow of light and heat into and out of a glazing 
according to occupant comfort, is discussed in great detail in the 
following papers: "Chromogenic Switchable Glazing: Towards the 
Development of the Smart Window" by Carl Lempert published in the 
10 June 1995 Proceedings of the Window Innovation Conference, 

Toronto, Canada; and "Optical Switching Technology for Glazings" by 
Carl Lempert published in Thin Solid Films, Volume 236, 1993, pages 
6-13, both incorporated herein by reference. 

In general, there are several different types chromogenic 
15 switchable glazing or smart windows, namely: non-electrically 

activated switchable glazings; and electrically-actiyated switchable 
glazings. The non-electrically activated types of chromogenic 
switchable glazing are based on: photochromies, thermochromics and 
thermotropics. The most common electrically-activated types of 
20 chromogenic switchable glazing are based on polymer dispersed 
liquid crystals (PDLC), dispersed particle systems (DPS), and 
electrochromics. 

Prior art smart window structures based upon conventional 
twisted nematic (TN) or super twist nematic (STN) liquid crystal 
technology require the use of a pair of polarizers. This, however, 
results in high optical loss, as up to 60% of the incident light is 
absorbed by the polarizers, in the desired non-blocking mode of 
operation. 
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While a smart window structure based on polymer dispersed 
liquid crystal (PDLC) technology offers better performance than TN or 
STN based window structures, such smart Window structures suffer 
from several significant shortcomings. In particular, conventional 
PDLC panels have a translucent state which can be used only to 
provide privacy, but lack a totally opaque state and a totally 
reflective state required for electromagnetic radiation control 
functions. In addition, the viewing haze limitation provided by the 
PDLC panels prevents clear viewing through this prior art window 
structure at larger viewing angles. 

A primary drawback associated with Dispersed Particle 
Systems is that such systems simply do not have a reflection mode of 
operation, and thus created heat build-up within interior spaces 
which is sought to be avoided in thermal radiation control 
applications. 

Thus it is clear that there is a great need in the art for an 
improved form of variable light transmission glazing structure which 
avoids the shortcomings and drawbacks of prior art technologies. 



DISCLOSURE OF THR TNT^FNTTON 



Accordingly, a primary object of the present invention is to 
provide an electro-optical glazing structure which avoids the 
shortcomings and drawbacks of prior art technologies. 

Another object of the present invention is to provide an 
electro-optical glazing structure which has total-reflection, 
semi-transparent and totally transparent modes of operation for 
improved control over the flow of electromagnetic radiation within 



wo 98/38547 PCT/US98/03688 

the solar region of the electromagnetic spectrum (i.e. Solar Spectrum). 

A further object of the present invention is to provide such an 
electro-optical glazing structure, in which the modes of operation can 
be electrically-activated or switched, while avoiding the use of 
5 energy absorbing mechanisms. 

A further object of the present invention is to provide such an 
electro-optical glazing structure having a broad band of operation, 
including the IR, visible and UV portions of the electromagnetic 
spectrum. 

"JO A further t)bjcci of the present invention is to provide an 

electro-optical gla/ing structure, comprising an electrically-active k- 
phase retardation panel interposed between a pair of electrically- 
passive electroniaynciK radiation polarizing panels, both of which are 
capable of reflcctini: electromagnetic radiation of a certain 

1 5 polarization state, whereby a totally reflective state of operation and 

a semi-transparent slate of operation are provided over the 
electromagnetic region of the electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical glazing structure, comprising an electrically-active n- 

2 0 phase retardation panel interposed between a pair of electrically- 

passive electromagnetic radiation polarizing panels, both of which are 
capable of reflecting electromagnetic radiation of a linear polarization 
state, whereby a totally reflective state of operation and a semi- 
transparent state of operation are provided over the electromagnetic 
2 5 region of the electromagnetic spectrum. 

-> A further object of the present invention is to provide an 

electro-optical glazing structure, comprising an electrically-active n- 
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phase retardation panel interposed between a pair of electrically- 
passive electromagnetic radiation polarizing panels, both of which are 
capable of reflecting electromagnetic radiation of a linear polarization 
state, one is parallel to other, whereby a totally reflective state of 
operation and a semi-transparent state of operation are provided 
over the electromagnetic region of the electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical glazing structure, comprising an electrically-active k- 
phase retardation panel interposed between a pair of electrically- 
passive electromagnetic radiation polarizing panels, both of which are 
capable of reflecting electromagnetic radiation of a linear polarization 
state, one is perpendicular to other, whereby a totally reflective state 
of operation and a semi-transparent state of operation arc provided 
over the electromagnetic region of the electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical glazing structure, comprising an electrically-active k- 
phase retardation panel interposed between a pair of electrically- 
passive cholesteric liquid crystal (CLC) electromagnetic radiation 
polarizing panels, both of which are capable of reflecting 
electromagnetic radiation of a LHCP state, whereby a totally 
reflective state of operation and a semi-transparent state of 
operation are provided over the electromagnetic region of the 
electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical glazing structure, comprising an electrically-active n- 
phase retardation panel interposed between a pair of electrically- 
passive CLC electromagnetic radiation polarizing panels, both of 
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which are capable of reflecting electromagnetic radiation of a RHCP 
state, whereby a totally reflective state of operation and a semi- 
transparent state of operation are provided over a broad-band region 
of the electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical glazing structure, comprising an electrically-active n- 
phasc retardation panel interposed between a pair of electrically- 
passive CLC electromagnetic radiation polarizing panels, one of which 
is capable of reflecting electromagnetic radiation of the LHCP state 
and the other of which is capable of reflecting electromagnetic 
radiation of the RHCP state, whereby a totally reflective state of 
operation and a semi-transparent state of operation are provided 
over a broad-band region of the electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical glazing structure, comprising an electrically-passive it- 
phase retardation panel interposed between a pair of electrically- 
active CLC electromagnetic radiation polarizing panels, both of which 
are capable of reflecting electromagnetic radiation of the LHCP state, 
whereby a totally reflective state of operation and a totally 
transparent state of operation are provided over a broad-band region 
of the electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical structure, comprising an electrically-passive ji-phase 
retardation panel interposed between a pair of electrically-active CLC 
electromagnetic radiation polarizing panels, both of which are 
capable of reflecting electromagnetic radiation of the RHCP state, 
whereby a totally reflective state of operation and a semi- 
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transparent state of operation are provided over a broad-band regior 
of the electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical glazing structure, comprising a pair of electrically- 
active CLC electromagnetic radiation polarizing panels, one of which 
is capable of reflecting electromagnetic radiation of the LHCP state 
and the other of which is capable of reflecting electromagnetic 
radiation of the RHCP state, whereby a totally reflective state of 
operation and a totally transparent state of operation are provided 
over a broad-band region of the electromagnetic spectrum. 

Another object of the present invention is to provide an 
actively-controlled window or viewing panel constructed from the 
electro-optical glazing structure of the present invention, wherein the 
transmission of electromagnetic radiation can be dynamically 
controlled over a broad-band region of the electromagnetic spectrum, 
between 50% transmission to 100% reflection and between 100% 
transmission to 100% reflection. 

Another object of the present invention is to provide an 
actively-controlled window or viewing panel constructed from the 
electro-optical glazing structure of the present invention, wherein the 
transmission of electromagnetic radiation over the UV and IR regions 
of the electromagnetic spectrum can be totally reflected, rather than 
absorbed, reducing the temperature cycle range which the window 
structure is required to undergo. 

Another object of the present invention is to combine the 
electro-optical glazing panel of the present invention with a 
controllable scattering layer or structure in order to scatter light 
transmitted therethrough or reflected therefrom. 
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Another object of the present invention is to provide an 
actively-controlled window or viewing panel constructed from the 
electro-optical glazing structures of the present invention, wherein 
only UV and IR radiation is reflected at the window surface, while 
electromagnetic radiation over the visible band is transmitted to the 
interior environment being maintained under thermal control. 

Another object of the present invention is to provide an 
intelligent window system for installation within a house or office 
building, or aboard a transportation vehicle such as an airplane or 
automobile, wherein the electro-optical glazing structure thereof is 
supported within a prefabricated window frame, within which are 
mounted: a electromagnetic-sensor for sensing electromagnetic 
conditions in the outside environment; a battery supply for providing 
electrical power; a electromagnetic-powered battery recharger for 
recharging the battery; electrical circuitry for producing glazing 
control voltages for driving the electrically-active elements of the 
electro-optical glazing supported within the window frame; and a 
micro-computer chip for controlling the operation of the battery 
recharger and electrical circuitry and the production of glazing 
control voltages as required by a radiation flow control program 
stored within the programmed microcontroller. 

A further object of the present invention is to provide such an 
electro-optical window structure which is designed for integration 
within the heating/cooling system of a house, office building, factory 
or vehicle in order to control the flow of broad-band electromagnetic 
radiation through the electro-optical window structure, while 
minimizing thermal loading upon the heating/cooling system thereof. 
Another object of the present invention is to provide a 

1 2 
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thermal/viewing shield or panel made from electro-optical glazing 
structure of the present invention. 

Another object of the present invention is to provide of an 
intelligent pair of sunglasses, in which each optical element is 
realized using an electro-optical glazing structure of the present 
invention, fashioned to the dimensions of a sunglass frame. 

Another object of the present invention is to provide of an 
intelligent pair of shutter glasses, in which each optical element is 
realized using an electro-optical glazing structure of the present 
invention, fashioned to the dimensions of a shutter glass frame 

Another object of the present invention is to provide an 
intelligent windshield or viewing screen, which is realized from an 
electro-optical glazing structure of the present invention. 

These and other objects of the present invention will become 
apparent hereinafter and in the Claims to Invention. 



BRIEF DESCRIPTION OF THE DRAWTNGS 

For a more complete understanding of the Object of the Present 
Invention, the following Detailed Description of the Illustrative 
Embodiments of the Present Invention should be read in conjunction 

with the accompanying Drawings, wherein: 

Fig. lA is a perspective view of a generalized embodiment of 
the intelligent electro-optical window system of the present 
invention, wherein the electro-optical glazing structure thereof is 
electrically switched under microcomputer-control to its totally- 
reflecting state of operation upon detecting a first set of 
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preprogrammed electromagnetic conditions, whereby broad-band 
electromagnetic radiation is completely reflected off the electro- 
optical glazing structure thereof; 

Fig. IB is a perspective view of the generalized embodiment of 
the intelligent electro-optical window system shown in Fig. lA, 
wherein the electro-optical glazing structure thereof is electrically 
switched under microcomputer-control to its transmission state of 
operation upon detecting a second set of preprogrammed 
electromagnetic conditions, where broad-band electromagnetic 
radiation is transmitted through the electro-optical glazing structure 
thereof; 

Fig. 2 is an exploded perspective view of a first illustrative 
embodiment of the electro-optical glazing structure of the present 
invention, showing an electrically-active 7C-phase retardation panel 
interposed between a pair of electrically-passive RHCP 
electromagnetic radiation reflecting panels, each made from CLC 
material having polarization-selective reflection characteristics over 
a broad-band region of the electromagnetic spectrum; 

Fig. 2A is a schematic diagram of the RHCP electromagnetic 
radiation reflecting panel shown in Fig. 2, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto; 

Fig. 2B is a schematic representation of the electromagnetic 
radiation reflection characteristics of the RHCP electromagnetic 
radiation reflecting panels of the glazing structure of Fig. 2, over its 
broadband range of operation, A^^L; 

Fig. 2C is a schematic representation of a first embodiment of 
the 7t-phase retardation panel used in the construction of the glazing 
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Structure of Fig. 2, illustrating its operating characteristics in 
response to different glazing control voltages; 

Fig. 2D is a schematic representation of a second embodiment of 
the TT-phase retardation panel used in the construction of the glazing 
5 structure of Fig. 2, illustrating its operating characteristics in 

response to different glazing control voltages; 

Fig. 2E1 is a schematic diagram of a super broad-band ti- phase 
retardation panel construction formed by interposing a twisted 
nematic, super-twisted nematic or cholesteric liquid crystal cell 
1 0 between a pair of electrically-passive broad-band k/2 phase 

retardation panels; 

Fig. 2E2 is a schematic diagram of a broad-band ji-phase 

retardation panel employed in the electrically-switchable super- 
broad band phase-retardation panel shown in Fig. 2E1, made by 

1 5 laminating a plurality of narrow-band or broad-band k/2 layers, each 

realized using a material having a different birefringence and its k/2 

phase-retardation characteristics centered about a different 
wavelength; 

Fig. 2E3 is a graphical representation of the resulting k/2 phase 

20 retardation characteristics provided by the cooperation of the phase 

retardatation characteristics of the individual narrow-band or broad- 
band k/2 layers used to construct the electrically-passive super- 
broad band k/2 phase-retardation panel shown in Fig. 2E2; 

Fig. 3A is a schematic diagram illustrating the operation of the 

2 5 glazing structure of Fig. 2, wherein the 7C-phase retardation panel of 

Fig. 2C is used and the control voltage provided thereto is selected 
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(i.e., V=0, <^^n) so that the window panel is switched into its optically 
opaque or reflection state of operation; 

Fig. 3B is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig, 2, where the ir-phase 

retardation panel of Fig. 2C is used and the control voltage provided 
thereto is selected (i.e., V=:l, 0) so that the window panel is switched 
into its the optically transparent (i.e. semi-clear) state of operation; 

Fig. 4 is an exploded perspective view of a second illustrative 
embodiment of the intelligent electro-optical window of the present 
invention, comprising an electrically-active 7C-phase retardation 
panel interposed between a pair of electrically-passive LHCP 
electromagnetic radiation reflecting panels, each made from CLC 
material having polarization-selective reflection characteristics over 
a broad-band region of the electromagnetic spectrum; 

Fig. 4A is a schematic diagram of the LHCP electromagnetic 
radiation reflecting panel shown in Fig. 4, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto; 

Fig. 4B is a schematic representation of the electromagnetic 
radiation reflection characteristics of the LHCP electromagnetic 
radiation reflecting panels of the window of Fig. 4, over its 
broadband range of operation, M^^l,,,^; 

Fig. 5A is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig. 4, where the ji-phase 

retardation panel of Fig. 2D is used and the control voltage provided 
thereto is selected (i.e., v=l, (^=n) so that the window panel is 

switched into its the opaque or reflection state of operation; 

Fig. 5B is a schematic diagram illustrating the operation of the 

L7A1 t > 
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intelligent electro-optical window of Fig. 5, where the jc-phase 
retardation panel of Fig. 5D is used and the control voltage provided 
thereto is selected (I.e., V=0, (t)=0) so that the window panel is 

switched into its optically semi-transparent (i.e., semi-clear) state of 
operation; 

Fig. 6 is an exploded perspective view of a third illustrative 
embodiment of the intelligent electro-optical window of the present 
invention, comprising an electrically-active 7c-phase retardation 
panel interposed between an electrically-passive RHCP 
electromagnetic radiation reflecting panel and an electrically-passive 
LHCP electromai:nctic radiation reflecting panel, each made from CLC 
material having p<»lari/atn>n-selective reflection characteristics over 
a broad-band rcirion <W the electromagnetic spectrum; 

Fig. 6A is a schematic diagram of the LHCP electromagnetic 
radiation reflecting panel shown in Fig. 6, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto; 

Fig. 6B is a schematic representation of the electromagnetic 
radiation reflection characteristics of the LHCP electromagnetic 
radiation reflecting panel of the window of Fig. 6, over its broadband 
range of operation, ^^'ZL.; 

Fig. 6C is a schematic diagram of the RHCP electromagnetic 
radiation reflecting panel shown in Fig. 6, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto; 

Fig. 6D is a schematic representation of the electromagnetic 
radiation reflection characteristics of the RHCP electrornagnetic 
radiation reflecting panel of the window of Fig. 6, over its broadband 
range of operation, aCL; 
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* 

Fig. 7A is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig. 6, where the 7c-phase 
retardation panel of Fig. 2C is used and the control voltage provided 
thereto is selected (i.e., v=0, <^ = n) so that the window panel is 

switched into its the optically semi-transparent (i.e. semi-clear) state 
of operation; 

Fig. 7B is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig. 6, where the 7u-phase 
retardation panel of Fig. 2C is used and the control voltage provided 
thereto is selected (i.e., v=0, (t)=0) so that the window panel is 
switched into its optically opaque or reflection state of operation; 

Fig. 8 is an exploded perspective view of a fourth illustrative 
embodiment of the intelligent electro-optical window of the present 
invention, comprising an electrically-active polarization rotation 
panel interposed between an electrically-passive linear polarizing 
(LPl) electromagnetic radiation reflecting panel and an electrically- 
passive LP! electromagnetic radiation reflecting panel, each made 
from CLC material having polarization-selective reflection 
characteristics over a broad-band region of the electromagnetic 
spectrum; 

Fig. 8 A is a schematic diagram of the LPl electromagnetic 
radiation reflecting panel shown in Fig. 8, and its response to both 
LPl and LP2 electromagnetic radiation incident thereto; 

Fig. 8B is a schematic representation of the electromagnetic 
radiation reflection characteristics of the LPl electromagnetic 
radiation reflecting panel of the window of Fig. 8, over its broadband 
range of operation, ACeaion; 
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Fig. 8C is a sphematic diagram of the LP2 electromagnetic 
radiation reflecting panel shown in Fig. 8, and its response to both 
LPl and LP2 electromagnetic radiation incident thereto; 

Fig. 8D is a schematic representation of the electromagnetic 
radiation reflection characteristics of the LP2 electromagnetic 
radiation reflecting panel of the window of Fig. 8, over its broadband 
range of operation, A^';,'^,^„; 

Fig. 8E is a schematic representation of an illustrative 
embodiment of the electro-optical glazing structure of Fig. 8, in which 
an electrically-switchable linear polarization direction rotating panel, 
realized using an electrically-controlled birefringence (ECB) cell, 
surface stablized ferroelectric liquid crystal (SSFLC) cell, twisted 
nematic cell, super-twisted nematic cell, or cholesteric liquid crystal 
cell, is interposed between a pair of electrically-passive linear broad- 
band polarizing reflective panels realized using (1) broad-band CLC 
films with %I2 phase-retardation surfaces integrally formed therein 
and/or other types of reflective linear polarizers such as multi-layer 
interference linear polarizers; 

Fig. 9A is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig. 8, where the linear 
polarization direction rotating panel of Fig. 8 is used and the control 
voltage provided thereto is selected (i.e., v=0, 90 degrees rotation) so 
that the window panel is switched into its transmission or semi-clear 
state of operation; 

Fig. 9B is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig. 9, where the linear 
polarization direction rotating panel of Fig. 8 is used and the control 
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voltage provided thereto is selected (i.e., v=l, zero degrees rotation) 
so that the window panel is switched into its optically opaque state of 
operation; 

Fig. 10 is an exploded perspective view of a fifth illustrative 
embodiment of the intelligent electro-optical window of the present 
invention, comprising an electrically-passive Tc-phase retardation 
panel interposed between a first electrically-active LHCP 
electromagnetic radiation reflecting panel and a second electrically- 
active LHCP electromagnetic radiation reflecting panel, each made 
from CLC maicrial having polarization-selective reflection 
characteristics over a hroad-band region of the electromagnetic 
spectrum; 

Fig. lOA is a schematic diagram of the LHCP electromagnetic 
radiation reflecting panel shown in Fig. 10, and its response to both 
RHCP and LHCP clcciriMnagnetic radiation incident thereto when 
operated in the LHCP radiation reflecting state thereof; 

Fig. lOB is a schematic representation of the electromagnetic 
radiation reflection characteristics of the LHCP electromagnetic 
radiation reflecting panels of Fig. 10, over the broadband range of 
operation thereof when operated in the LHCP radiation 

reflecting state thereof; 

Fig. IOC is a schematic diagram of the LHCP electromagnetic 
radiation reflecting panel shown in Fig. 10, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto when 
operated in the radiation transmission state thereof; 

Fig. lOD is a schematic representation of the electromagnetic 
transmission characteristics of the LHCP electromagnetic radiation 
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reflecting panels of Fig. 10, over the broadband range of operation 
thereof AX|;"^^^^^^^ when operated in the radiation transmission state 

thereof; 

Fig. lOE is a schematic diagram illustrating the operation of 
5 the intelligent electro-optical window of Fig. 10, where the control 

voltages provided to both LHCP electromagnetic radiation reflecting 
panels are selected so that the window panel is switched into its the 
optically opaque state of operation; 

Fig. 1 OF is a schematic diagram illustrating the operation of the 
1 0 intclligcnl electro-optical window of Fig. 10, where the control 

voltages provided to both LHCP electromagnetic radiation reflecting 
panels are selected so that the window panel is switched into its the 
optically transparent (i.e. clear) state of operation; 

Fig. 1 1 is schematic cross-sectional diagram illustrating the 

1 5 construction of the first illustrative embodiment of the electrically- 

switchablc, circularly polarizing CLC panels used in the electro-optical 
glazing structures of Figs. 10, 12 and 14; 

Fig. IIAI is a graphical representation of the reflection 
characteristics of the first embodiment of the electrically-switchable 
20 broad-band CLC panel of Fig. 10, measured prior to UV 

polymerization of the CLC material contained within the ITO coated 
substrate plates of the panel, using un-polarized light; 

Fig. 11A2 is a graphical representation of the reflection 
characteristics of the first embodiment of the electrically-switchable 

2 5 broad-band CLC panel of Fig. 10, measured subsequent to UV 

polymerization of the CLC material contained within the ITO coated 
substrate plates of the panel, using right-handed and left-handed 
circularly polarized light; 
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Fig. 11 A3 is a graphical representation of the reflection 
characteristics of the first embodiment of the electrically-switchable 
broad-band CLC panel of Fig. 10, measured during electrically 
inactive (no voltage applied) and electrically-active (voltage applied) 
states of operation using right-handed circularly polarized light; 

Fig. 12 is an exploded perspective view of. a sixth illustrative 
embodiment of the intelligent electro-optical window of the present 
invention, comprising an electrically-passive TT-phase retardation 
panel interposed between a first electrically-active RHCP 
electromagnetic radiation reflecting panel and a second electrically- 
active RHCP electromagnetic radiation reflecting panel, each made 
from CLC material having polarization-selective reflection 
characteristics over a broad-band region of the electromagnetic 
spectrum; 

Fig. 12A is a schematic diagram of the LHCP electromagnetic 
radiation reflecting panel shown in Fig. 12, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto when 
operated in the RHCP radiation reflecting state thereof; 

Fig.-12B is a schematic representation of the electromagnetic 
radiation reflection characteristics of the RHCP electromagnetic 
radiation reflecting panels of Fig. 12, over the broadband range of 
operation thereof ACfJ,„„, when operated in the RHCP radiation 
reflecting state thereof; 

Fig. 12C is a schematic diagram of the RHCP electromagnetic 
radiation reflecting panel shown in Fig. 12, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto when 
operated in the radiation transmission state thereof; 
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Fig. 12D is a schematic representation of the electromagnetic 
transmission characteristics of the RHCP electromagnetic radiation 
reflecting panels of Fig. 12, over the broadband range of operation 
thereof aChLmo..' when operated in the radiation transmission state 
thereof; 

Fig. 13A is a schematic diagram illustrating the operation of 
the intelligent electro-optical window of Fig. 12, where the control 
voltages provided to both RHCP electromagnetic radiation reflecting 
panels are selected so that the window panel is switched into its the 
optically opaque state of operation; 

Fig. 13B is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig. 12, where the control 
voltages provided to both RHCP electromagnetic radiation reflecting 
panels arc selected so that the window panel is switched into its the 
optically transparent (i.e. clear) state of operation; 

Fig. 14 is an exploded perspective view of . a seventh illustrative 
embodiment of the intelligent electro-optical window of the present 
invention, showing an electrically-active LHCP electromagnetic 
radiation reflecting panel laminated to an electrically-active RHCP 
electromagnetic radiation reflecting panel, each made from CLC 
material having polarization-selective reflection characteristics over 
a broad-band region of the electromagnetic spectrum; 

Fig. 14A is a schematic diagram of the LHCP electromagnetic 
radiation reflecting panel shown in Fig. 14, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto when 
operated in its LHCP radiation reflecting state; 

Fig. 14B is a schematic representation of the electromagnetic 
radiation reflection characteristics of the LHCP electromagnetic 
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radiation reflecting panel of Fig. 14, over its broadband range of 
operation A^X,on> when operated in its LHCP radiation reflecting state; 

Fig. 14C is a schematic diagram of the LHCP electromagnetic 
radiation reflecting panel shown in Fig. 14, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto when 
operated in its radiation transmission state; 

Fig. 14D is a schematic representation of the electromagnetic 
radiation transmission characteristics of the LHCP electromagnetic 
radiation reflecting panel of Fig. 14, over its broadband range of 
operation AX,';"„*;|;„„.„„, when operated in its radiation transmission state; 

Fig. I4E is a schematic diagram of the RHCP electromagnetic 
radiation reflecting panel shown in Fig. 14, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto when 
operated in its RHCP radiation reflecting state; 

Fig. 14F is a schematic representation of the eIectroma<^netic 
radiation reflection characteristics of the RHCP electromagnetic 
radiation reflecting panel of Fig. 14, over its broadband range of 

RHCP 

operation A^„„^„^ , when operated in its RHCP radiation reflecting state; 

Fig. 14G is a schematic diagram of the RHCP electromagnetic 
radiation reflecting panel shown in Fig. 14, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto when 
operated in its radiation transmission state; 

Fig. 14H is a schematic representation of the electromagnetic 
radiation transmission characteristics of the RHCP electromagnetic 
radiation reflecting panel of Fig. 14, over its broadband range of 

^P^^*^^^^^ transmission > 

when operated in its radiation transmission state- 
Fig. 15A is a schematic diagram illustrating the operation of the 
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intelligent electro-optical window of Fig. 14, where the control 
voltages provided to both LHCP and RHCP electromagnetic radiation 
reflecting panels are selected so that the window panel is switched 
into its the optically opaque state of operation; 

Fig. 15B is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig. 14, where the control 
voltages provided to both RHCP electromagnetic radiation reflecting 
panels are selected so that the window panel is switched into its the 
optically transparent (i.e. clear) state of operation; 

Fig. 16A is a schematic diagram of a second, alternative 
embodiment of the electrically-switchable broad-band CLC panel of 
Fig. 14, showing a portion of un-polarized light being polarized in a 
first polarization state and reflected off CLC microflakes (i.e. CLC 
pigments) that are oriented in a parallel manner within electrically- 
active host nematic liquid crystal molecules homogeneously aligned 
between a pair of ITO coated plates, across which no control voltage 
is applied, while a second portion of the un-polarized light is 
polarized in a second polarization state and transmitted through the 
oriented CLC microflakes; 

^ Fig. 16B is a schematic diagram of the second embodiment of 
the electrically-switchable broad-band CLC panel of Fig. 14, showing 
the un-polarized light being transmitted between CLC microflakes 
that are oriented in a vertical manner within electrically-active host 
nematic liquid crystal molecules homotropically aligned between a 
pair of ITO coated plates, across which a control voltage is applied; 

Figs. 17 A and 17B show a first illustrative embodiment of an 
electrically-controllable light scattering structure mountable to any 
embodiment of the electro-optical glazing structure of the invention 
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disclosed or taught herein in order to scatter that portion of incident 
light which is not reflected during its reflection-mode of operation, 
thereby improving the privacy function of the glazing structure in 
the reflection mode; 

Figs. 18A and 18B show a second illustrative embodiment of an 
electrically-controllable light scattering structure mountable to any 
embodiment of the electro-optical glazing structure of the invention 
disclosed or taught herein in order to reflect that portion of incident 
light which is not reflected during its reflection-mode of operation, 
thereby improving the privacy function of the glazing structure in 
the reflection mode; 

Fig. 18C shows a third illustrative embodiment of an 
electrically-controllable light scattering structure mountable to any 
embodiment of the electro-optical glazing structure of the invention 
disclosed or taught herein in order to scatter that portion of incident 
light which is not reflected during its reflection-mode of operation, 
thereby improving the privacy function of the glazing structure in 
the reflection mode; 

Fig. 19 sh ows a fourth illustrative embodiment of an 
electrically-controllable light scattering structure mountable to any 
embodiment of the electro-optical glazing structure of the invention 
disclosed or taught herein in order to scatter that portion of incident 
light which is not reflected during its reflection-mode of operation, 
thereby improving the privacy function of the glazing structure in 
the reflection mode; , 

Fig. 19A shows the electro-optical light scattering structure of 
Fig. 19 operated in its transmission mode, wherein no external 
voltage is applied (i.e. V=:V^ff); 
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Figs. 19B and 19C show transmission and reflection 
characteristics for the mode of operation indicated in Fig. 19A; 

Fig. 19D shows the electro-optical light scattering structure of 
Fig. 19 operated in its light scattering mode, wherein an external 
voltage V is applied across the ITO surfaces (i.e. V=W^^); 

Figs. 19E and 19F show transmission and reflection 
characteristics for the mode of operation indicated in Fig. 19D; 

Fig. 20 shows a fifth illustrative embodiment of an electrically- 
controllable light scattering structure mountable to any embodiment 
of the electro-optical glazing structure of the invention disclosed or 
taught herein in order to scatter that portion of incident light which 
is not reflected during its reflection-mode of operation, thereby 
improving the privacy function of the glazing structure in the 
reflection mode; 

Fig. 20A shows the electro-optical light scattering structure of 
Fig. 20 operated in its light scattering mode, wherein no external 
voltage is applied (i.e. V=V^^^); 

Figs. 20B and 20C show transmission and reflection 
characteristics for the mode of operation indicated in Fig. 20A; 

Fig. 20D shows the electro-optical light scattering structure of 
Fig. 20 operated in its light transmission mode, wherein an external 
voltage V is applied across the ITO surfaces (i.e. V=V^j^); 

Figs. 20E and 20F show transmission and reflection 
characteristics for the mode of operation indicated in Fig. 20D; 

Figs. 21 through 21F provide a generalized description of the 
illustrative embodiment disclosed in Figs. 6 and 8, wherein the 
electrically-passive broad-band polarizing layers have different 
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handedness in both the circularly polarizing (RHCP/LHCP) and 
linearly polarizing (LP1/LP2) system configurations; 

Figs. 22 through 22F provide a generalized description of the 
illustrative embodiments disclosed in Figs. 2 and 4, wherein the 
electrically-passive broad-band polarizing layers have the same 
handedness in both the circularly polarizing (LHCP/LHCP or 
RHCP/RHCP) and linearly polarizing (LPl/LPl 'or LP2/LP2) system 
configurations. 

Figs. 23 through 23F provide a generalized description of the 
illustrative embodiment disclosed in Figs. 14 through 15B, wherein 
the electrically-active broad-band polarizing layers have a different 
handedness in the circularly polarizing (LHCP/LHCP or RHCP/RHCP) 
system configurations, and there is no optically active element 
disposed between the electrically-active polarizing layers; 

Fig. 24 shows an illustrative embodiment of the electro-optical 
glazing structure of the present invention comprising (1) a pair of 
electrically-passive broadband IR reflective polarizing panels for 
reflecting incident LHCP and RHCP light within the broad IR band and 
transmitting all other components of light, and (2) an electrically- 
controlled light scattering panel for selectively scattering light over 
the visible band (when no external voltage is applied) so as to render 
the resulting glazing structure opaque to provide privacy behind the 
window structure into which is installed; 

Fig. 24A shows the electro-optical glazing structure of Fig. 24 
operated in scattering mode, wherein no external voltage (i.e. V=V^^^) 
is applied to the electrically-controlled scattering panel; 

Figs. 24B and 24C show transmission and reflection 
characteristics for the mode of operation shown in Fig. 24A; 
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Fig. 24D shows the electro-optical light glazing structure of Fig. 
24 operated in its total-transmission mode, wherein an external 
voltage V (i,e. V=V^^^) is applied to electrically-controlled light 
scattering panel; 

5 Figs. 24E and 24F show the transmission and reflection 

characteristics for the mode of operation shown in Fig. 24D; 

Fig. 25 shows an other illustrative embodiment of the electro- 
optical glazing structure of the present invention which is the reverse 
mode of the clcctro-opiical glazing structure shown in Fig. 24; 

1 0 Fig. 25A shows ihc electro-optical glazing structure of Fig. 25 

operated in its light transmission mode, wherein no external voltage 
(i.e. V=V^^^) is applied ii» the electrically-controlled scattering panel; 

Figs. 25H and 25C' show transmission and reflection 
characteristics for the rni»dc of operation shown in Fig. 25A; 
15 Fig. 25D shi»us ilic electro-optical light glazing structure of Fig. 

24 operated in its liglit scattering mode, wherein an external voltage 
V (i.e. V=V^^) is applied to electrically-controlled light scattering 
panel; 

Figs. 25E and 251' show transmission and reflection 
20 characteristics for the mode of operation shown in Fig. 25D; 

Fig. 26 shows another embodiment of the electro-optical glazing 
structure of the present invention constructed by adding the broad- 
band IR filter panel shown in Figs. 24 and 25, to the electro-optical 
glazing structure shown in Fig. 22, wherein the broadband polarizing 

2 5 panels are each of the same handedness (e.g. RHCP/RHCP or 

LPl/LPl); 

Fig. 26A shows the electro-optical glazing structure of Fig. 26 ^ 
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operated in its total-transmission mode, wherein no external voltage 
(i.e. V=V^„) is applied to the n phase shifting panel disposed between 
the pair of broadband polarizing reflective panels thereof; 

Figs. 26B and 26C show transmission and reflection 
characteristics for the mode of operation shown in Fig. 26A; 

Fig. 26D shows the electro-optical light glazing structure of Fig. 
26 operated in its partial-reflection/transmission mode, wherein an 
external voltage V (i.e. V=V,„) is applied to the n phase shifting panel 
disposed between the pair of broadband polarizing reflective panels 
thereof; 

Figs. 26E and 26F show the transmission and reflection 
characteristics for the mode of operation shown in Fig. 26D; 

Fig. 27 shows another embodiment of the electro-optical glazing 
structure of the present invention which operates in the "reverse" 
mode of the glazing structure of Fig. 26, and is constructed by adding 
the broad-band IR Alter panel shown in Figs. 24 and 25, to the 
electro-optical glazing structure shown in Fig. 21, wherein the 
broadband polarizing panels are each of different handedness (e.g. 

RHCP/LHCP or LP1/LP2); 

Fig. 27A shows the electro-optical glazing structure of Fig. 27 
operated in its partial-reflection/transmission mode; wherein no 
external voltage (i.e. V=V,,f) is applied to the k phase shifting panel 
disposed between the pair of broadband polarizing reflective panels 
thereof; 

Figs. 27B and 27C show transmission and reflection 
characteristics for the mode of operation shown in Fig. 27A; 

Fig. 27D shows the electro-optical light glazing structure of Fig. 
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27 operated in its total-reflection mode, wherein an external voltage 
V (i.e. V=V^^) is applied to the n phase shifting panel disposed 
between the pair of broadband polarizing reflective panels thereof; 

Figs. 27E and 27F show transmission and reflection 
5 characteristics for the mode of operation shown in Fig. 27D; 

Fig. 28 shows another embodiment of the electro-optical glazing 
structure of the present invention constructed by adding the broad- 
band IR filter panel shown in Figs. 24 and 25, to the electro-optical 
glazing structure shown in Fig. 23, wherein the electrically-active 
1 0 broadband polarizing panels thereof are each of different handedness 

(i.e. RHCP/LHCP); 

Fig. 28A shows the electro-optical glazing structure of Fig. 28 
operated in its total-reflection mode, wherein no external voltage (i.e, 
V^Vq^^) is applied to the electrically-active circularly-polarizing 

1 5 reflective panels thereof; 

Figs. 28B and 28C show transmission and reflection 
characteristics for the mode of operation shown in Fig. 28 A; 

Fig. 28D shows the electro-optical light glazing structure of Fig. 
26 operated in its total-transmission mode, wherein an external 

2 0 voltage V (i.e. V=\^^) is applied to the electrically-active circularly- 

polarizing reflective panels thereof; 

Figs. 28E and 28F shows transmission and reflection 
characteristics for the mode of operation shown in Fig. 28D; 

Figs. 29A through 29C show a broad-band reflector for use in 
2 5 constructing broad-band circularly (and linearly) polarizing reflective 

panels employed in any one of embodiments of the electro-optical 
glazing panel hereof. 
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BEST MODE EMBOPrMENTS OF THR PRESENT INVRNTrON 

Referring now to the accompanying Drawings, illustrative 
erabodimenls of the intelligent electro-optical window of the present 
invention will be described in great detail. In each of the figures, 
like structures and elements shall be indicated by like reference 
numerals. 

In Figs. I A and IB, a generalized embodiment of the intelligent 
electro-optical glazing structure (i.e. window structure) of the present 
invention is shown msiallcd within an environment (e.g. building or 
vehicle) having an interior space or volume adjacent the window 
structure. Typicall\. the interior space or volume functions as a 
form of human habitat . although there may be applications in which 
this is not the case. Preferably, the intelligent electro-optical 
window structure I cooperates with the heating/cooling system 2A 
of a house, office buiklmg, factory or vehicle indicated by reference 
numeral 2. In such preferred applications, the function of the 
electro-optical window structure will be to selectively control the 
flow of electromagnetic radiation through its electro-optical glazing 
structure and into the interior space, in order to minimize or reduce 
thermal loading upon the heating/cooling system of the environment. 

As shown in Figs. lA and IB, the electro-optical glazing 
structure 1 comprises an electro-optical glazing panel 3 securely 
supported within a prefabricated window frame 4 which can be 
realized using virtually any suitable material such as, for example, 
plastic, metal, rubber, wood or composite material. Within the 
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window frame, a number of system subcomponents are securely 
mounted, namely: a electromagnetic-radiation sensor 5 for sensing 
electromagnetic conditions in the outside environment; a 
rechargeable-type battery 6 for producing electrical power within 
the window frame; a electromagnetic-powered battery recharger 7 
for recharging the rechargeable battery 6; a micro-controller (e.g. 
RISC-type micro-computer chip with Onboard ROM, EPROM and RAM) 
8 for controlling the battery recharger and glazing control signals as 
required by a radiation flow control program stored within the 
micro-computer chip; and electrical circuitry 9, response to glazing 
control signals, for producing control voltages that are applied to the 
electrically-active elements of the electro-optical glazing structure 3 
to electrically switch the same from one optical state to another 
optical state under microcontroller control. 

As shown in Fig. 1, when a first set of preprogrammed 
electromagnetic conditions (e.g. a first prespecified band of 
electromagnetic radiation having power above a first prespecified 
power threshold) is detected by electromagnetic-radiation sensor, the 
electro-optical glazing structure 3 is electrically switched to its 
totally-reflecting state of operation under the control of 
preprogrammed microcontroller 8. In this totally-reflecting state of 
operation, visible and electromagnetic radiation is completely 
reflected off the glazing structure over a broad band of spectral 
wavelengths (e.g. 400 to 750 nanometers). 

As shown in Fig. IB, when a second set of preprogrammed 
electromagnetic conditions (e.g. a second prespecified band of 
electromagnetic radiation having power above a second prespecified 
power threshold) is detected by electromagnetic-radiation sensor, the 
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electro-optical glazing structure 3 is electrically switched to its 
transmission state of operation under the control of preprogrammed 
microcontroller 8. In this transmission state, visible and 
electromagnetic radiation is transmitted through the electro-optical 
5 glazing structure over a broad band of spectral wavelengths (e.g. 300 

to 1000 nanometers). 

While only two particular reflection/transmission states are 
illustrated in the above generalized embodiment, it is understood 
that virtually any set of reflection/transmission characteristics can 
1 0 be realized by the window structure of the present invention. In 

each such alternative embodiment, a particular set of conditions can 
be predefined to trigger a change in the optical state of the electro- 
optical glazing structure of the present invention. Then 
microcontroller is programmed to switch the optical state of the 

1 5 glazing structure upon detecting the corresponding condition. In 

alternative embodiments, the environmental condition or conditions 
which cause a switching operation, need not be related to 
electromagnetic radiation, but may be related to moisture, 
barometric pressure, temperature, or any other parameter 
20 prespecified within the programmed microcontroller 8. 

While in theory there exists an infinite number of 
embodiments of the electro-optical glazing structure of the present 
invention, six different embodiments of the electro-optical glazing 
structure will be described in detail below in order to illustrate the 

2 5 inventive features thereof. Notably, each electro-optical glazing 

structure of the present invention is realized using CLC material 
having polarization-selective reflection characteristics over a broad- 
band of operation (i.e. selectively reflecting and/or transmitting RHCP 
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and LHCP wavelengths over the IR, visible and UV portions of the 
electromagnetic spectrum). An excellent tutorial and overview on 
the polarization-reflective properties of CLC materials and principles 
of polarization state conversion (i.e. linear-to-circular, circular-to- 
5 linear, linear- to-linear, circular- to-circular, unpolarized- to-linear, 

and unpolarized-to-circular) can be found in Applicant's . US Patent 
No. 5,221,982, incorporated herein by reference in its entirety. 

By virtue of such ultra broad-band operating characteristics of 
the electro-optical glazing material hereof, and the novel panel 
1 0 configurations disclosed herein, it is now possible to provide a level 

of electromagnetic radiation control hitherto unattainable by prior 
art smart window systems and methodologies. 



First Illustrative Embodiment Of The Electro-Optical Glazing Structure 
1 5 Of The Present Invention 



The first illustrative embodiment of the electro-optical glazing 
structure hereof will be described with reference to Figs. 2 through 
3B. As shown in Fig. 2, the electro-optical glazing structure of the 
2 0 first illustrative embodiment 10 comprises: an electrically-active tt:- 

phase retardation panel 11 interposed between a pair of electrically- 
passive right-hand circularly polarized (RHCP) electromagnetic 
radiation reflecting panels 12A and 12B, respectively, for imparting a 
TC-phase retardation to electromagnetic radiation transmitted 

2 5 therethrough in response to optical-state control voltages applied 

across the electrically-active 7i-phase retardation panel 11; and 

electrically conductive means 13 for applying optical-state control 
voltages to the electrically-active Ti-phase retardation panel 1 1 . 
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Preferably, the electro-optical glazing structure of Fig 2 is mounted 
within a frame structure as described in connection with the 
generalized embodiment shown in Figs. lA and IB, and incorporates 
all of the power generation, electromagnetic radiation detection and 
micro-control mechanisms thereof. 

As illustrated in Figs. 2A and 2B, electromagnetic radiation 
having a RHCP polarization state and a wavelength inside the 
characteristic reflection bandwidth AX^^^.^^ of the RHCP 

electromagnetic radiation reflecting panels 12A (12B) is 100% 
reflected directly therefrom without absorption, while 
electromagnetic radiation having either a LHCP polarization state 
and/or a wavelength outside the characteristic reflection bandwidth 

*\ RHCI* 

^Knca,«> of the RHCP electromagnetic radiation reflecting panels 12A 
(12B) is transmitted 100% directly therethrough without absorption. 
Such electrically-passive, broad-band RHCP electromagnetic radiation 
reflecting panels can be made using the fabrication methods 
disclosed in InternationaL Publication No. WO 97/16762 entitled 
"Super Broad-Band Polarizing Reflective Material" incorporated 
herein by reference in its entirety. Alternatively, narrow-band 
RHCP electromagnetic radiation reflecting panels 12A (12B) can be 
made using the fabrication methods disclosed in US Patent No. 
5,221,982 to Paris, or using the techniques disclosed in US Patent No. 
5,506,704 to Broer, et al. each being incorporated herein by reference 
in its entirety. 

There are a number of different ways in which to fabricate 
broad-band electromagnetic radiation reflecting panels 12A (12B) 
using the super broad-band, broad-band, narrow-band and 
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Spectrally-tunable CLC films taught in the above-cited references. 

For example, broad-band circularly polarizing reflective panels 
12A (12B) can be fabricated by producing sheets of such CLC film 
and then laminating the CLC film sheets onto a surface of glass or like 
5 substrate material physically associated with the electrically- 

switchable tc -retardation panel 11 interposed between the circularly 
polarizing CLC panels, as shown in Figs. 2, 4, and 6, in particular. 
Notably, using the spectral-tuning techniques disclosed in detail in 
International Publication No. WO 97/16762, the CLC film hereof can 
10 be fabricated to have virtually any desired set of polarization 

reflection characteristics that would required by any particular 
application over a super broad-band of operation (e.g. from the UV 
region to the IR region of the electromagnetic spectrum). 

Alternatively, sheets of super-broad-band, broad-band, 

1 5 narrow-band and/or spectrally-tuned CLC film can be produced as 

taught in the above references, and thereafter fragmented into 
microscopic sized CLC microflakes using film fragmentation 
techniques taught in US Patent No. 5,364,557. Then the CLC 
microflakes can be added to an optically transparent carrier fluid to 
20 produce a CLC ink or paint that can then be applied to the exterior 
surfaces of the glass substrates used to construct the electrically- 
switchable n retardation panel component of electro-optical glazing 

structures, of the type shown in Figs. 2, 4 and 6, for example. The 
concentration of the CLC microflakes and the viscosity of the carrier 

2 5 medium (e.g. lacquer, polymer, etc.) should be selected to ensure that 

when the coating of the CLC ink or paint is applied to a substrate, the 
CLC microflakes will be distributed within the carrier medium so that 
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incident light reflects from the resulting CLC coating in a non- 
specular manner. This will ensure that the resulting coating 
produces a "super-white" appearance in the eyes of on-viewers, 
providing a high measure of privacy, as well as aestethic value, 
highly desired in window applications. 

In the illustrative embodiment of the glazing structure of Fig. 2, 
the characteristic reflection bandwidth Al^U^j^^ of the RHCP 
electromagnetic radiation reflecting panel 12A is designed to be 
substantially the same as characteristic reflection bandwidth AX''"" 

. reflection 

i 

of the LHCP electromagnetic radiation reflecting panel 12B. It is 
understood, however, that in alternative embodiments of the present 
invention, such reflection bandwidth characteristics may be 
specifically designed to partially overlap, or be separated from each 
other on the wavelength (i.e. frequency) domain in to provide 
desired reflection/transmission performance characteristics. 

In general, a 7t-cell (i.e. tt -retardation panel) or an electrically- 
controlled birefrigence (ECB) panel can be used to realize the 
electrically-switchable ^-phase retardatation panel 1 1 employed in 
the circularly polarizing reflective glazing structures of Figs. 2, 4 and 
6 hereof. Preferably, the techniques disclosed in US Patent No. 
4,566,758 to Bos, incorporated herein by reference, are used to 
fabricate such electrically-switchable jc-phase retardatation panels 
11. For most appHcations, the bandwidth of prior art 7t -cells should 
be sufficient to provide glazing structures having operating 
characteristics over the visible portion of the electromagnetic 
spectrum. However, in some instances, it will be desirable to provide 
electro-optical glazing structures having super broad-band operation 
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(i.e. from the IR region into the UV region of the spectrum). In such 
apphcations, it will be necessary to extend the Tc-phase retardatation 

characteristics of the electrically-switchable Ti-phase retardatation 
panel beyond the visible band. The following technique may be used 
to construct electrically-active (switchable) 7c-retardation panels 

capable of super broad-band operation. 

As shown in Fig. 2E1, an electrically-switchable super 
broadband 7c-retardation panel can be constructed by interposing an 

electrically-active structure linear polarization direction rotating 
panel such as TN, or STN, or CLC cell, between a pair of electrically- 
passive super broad-band %I2 retardation panels (shifters). As 
shown in Fig. 2E2, each super broad-band 7c/2-retardation panel is 
made by laminating, or depositing two or more broad-band or 
narrow-band 7C/2 retardation layers, each made from different 

material and having nl2 phase retardation characteristics centered 
about at different wavelength, as schematically shown in Fig. 2E3. 
These subcomponent broad-band or narrow-band %12 retardation 

layers can be made from liquid crystal material, birefringent 
polymer, and crystals. 

The function of each electrically-passive super-broad-band nl2 

retardation panel is to convert circularly polarized light into linearly 
polarized light which can be polarization direction rotated by the 
electrically switchable TN, or STN, or CLC cell sandwiched between 
the pair of super broad-band tc/2 retardation layers. The function of 
the TN (twist nematic), or STN (super twist nematic), or CLC cell is to 
operate as an electrically-switchable optical rotator which rotates a 
linear polarization light by 90^ when there is no electric field is 
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applied across its ITO surfaces. If an electric field is applied, the 
optical rotation power of the elements disappears. This control over 
the electric field allows the glazing structure to be switched from its 
total reflection state to its half reflection state, or vice versa. When 
the electrically-switchable polarization direction rotator is made from 
low-molecular weight (LMW) liquid crystal material having a chiral 
phase when no voltage is applied, then its selective wavelength of 
the should be located outside the window operating spectrum region. 
By controlling the helix of the CLC molecules in the chiral phase, as 
well as the total thickness thereof, a 90° rotation of a linear 
polarization can be achieved. 

In general, there are two different ways to configure 
electrically-switchable k retardation panel 11 in terms of external 

control voltages. In Figs. 2C and 2D, these configurations are 
specified. 

In Fig. 2C, the first embodiment of the 7c-phase retardation 
panel 11 is shown along with a specification of its various states of 
operation. As shown, when a non-zero voltage (e.g. 20 Volts) is 
applied across the phase retardation panel, 0-phase retardation is 
imparted to electromagnetic radiation transmitted therethrough. 
When a control voltage of zero volts is applied across the phase 
retardation panel, it imparts a 7c-phase retardation to electromagnetic 
radiation transmitted therethrough having a wavelength within its 
operating band AX.which is typically 300-1000 nanometers. 

In Fig. 2D, a second embodiment of the 7c-phase retardation 
panel is shown along with a specification of its states of operation. 
As shown, when a control voltage of zero volts is applied across this 
retardation panel, it imparts a O-phase shift to electromagnetic 
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radiation having a wavelength within its operating band which is 
typically 350 nanometers, whereas 7r-phase retardation is imparted 
to such electromagnetic radiation when a non-zero voltage (e.g. 5-50 
Volts) is applied thcreacross. For wavelengths outside of the 
5 operating band, a phase shift other than 7C-radians is imparted to 

incident electromagnetic radiation when a non-zero voltage is 
applied. 

Physically interfacing the subcomponent panels of the electro- 
optical glazing structure of Fig. 2 can be achieved using conventional 
1 0 lamination techniques well known in the glazing art. 

The opcralion of the glazing structure of Fig. 2 will now be 
described with rclcrcn^c lo Figs. 3A and 3B, where the 7t-phase 

retardation panel <>l l i^- 2C is used in the construction of the glazing 
structure. 

1 5 As shown in Fi^j. 3 A. the electro-optical glazing structure of Fig. 
2 is switched to its optically opaque state of operation by applying 
the appropriate conirol \(Oiage thereacross (e.g. V= 0 Volts). In this 
optical state, the clcctri>-opiical glazing structure reflects both LHCP 
and RHCP electromaLrnciic radiation within AX^"!!^f incident the 

^ rei lection 

2 0 window panel independent of the direction of propagation. As such, 
the operation of this particular electro-optical glazing structure is 
"symmetrical". The physical mechanisms associated with such 
reflection processes are schematically illustrated in Fig. 3A. 
Inasmuch as 100% of incident electromagnetic radiation is reflected 

2 5 from the surface of the electro-optical glazing structure, this glazing 

structure is "totally reflective" in this state of operation. 

As shown in Fig. 3B, the electro-optical glazing structure of Fig. 
2 is switched to its optically semi-transparent (i.e. semi-clear state) 
of operation by applying the appropriate control voltage thereacross 

41 

NJSDOCID: <WO 9B38547A1_I_> 



wo 98/38547 PCT/US98/03688 

(e.g. V=20 Volts). In this optical state, the electro-optical glazing 
structure reflects RHCP electromagnetic radiation within A5l**"^^ 

reflection 

incident the window panel independent of the direction of 
propagation, while transmitting LHCP electromagnetic radiation 
falling incident the window panel independent of the direction of 
electromagnetic radiation propagation. The physical mechanisms 
associated with such reflection and transmission processes are 
schematically illustrated in Fig. 3A. Inasmuch as 50% of incident 
electromagnetic radiation is transmitted through the electro-optical 
glazing structure, while 50% of such electromagnetic radiation is 
reflected therefrom, this glazing structure can be said to " partially 
transmissive" in this state of operation. 

Second Illustrative Embodime nt Of The Electro-Optical Glnying 
Structure Of The Present Invention 

The second illustrative embodiment of the electro-optical 
glazing structure hereof will be described with reference to Figs. 4 
through 5B. As shown in Fig. 4, the electro-optical glazing 

structure of the second illustrative embodiment 14 comprises: an 
electrically-active (i.e. switchable) 7t -phase retardation panel 11 
interposed between a pair of electrically-passive left-hand circularly 
polarizing (LHCP) electromagnetic radiation reflecting panels 15A and 
15B , respectively; and electrically conductive means 16 for applying 
optical-state control voltages to the electrically-active 7c-phase 
retardation panel 11. Preferably, the electro-optical glazing structure 
of Fig 4 is mounted within a frame structure as described in 
connection with the generalized embodiment shown in Figs. lA and 
IB, and incorporates all of the power generation, electromagnetic 
radiation detection and micro-control mechanisms thereof.^ 
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As illustrated in Figs. 4A and 4B, electromagnetic radiation 
having a LHCP polarization state and a wavelength inside the 
characteristic reflection bandwidth A^I^"^^'^^^ of the LHCP 

electromagnetic radiation reflecting panels 15A, 15B is reflected 
directly therefrom without absorption, while electromagnetic 
radiation having either a RHCP polarization state and/or a 
wavelength outside the characteristic reflection bandwidth AX^T^ of 

the LHCP electromagnetic radiation reflecting panels is transmitted 
directly therethrough without absorption. Such electrically-passive, 
broad-band LHCP electromagnetic radiation reflecting panels can be 
made using the fabrication methods disclosed in International 
Publication No. WO 97/16762, supra. In the preferred embodiment, 
the broad-band RHCP electromagnetic radiation reflecting panels 12A 
(12B) are fabricating by applying a coating of CLC-based ink (with 
suspended CLC flakes therein) onto a conventional glass panel, as 
taught in International Publication No. WO 97/16762, supra. 
Alternatively, narrow-band RHCP electromagnetic radiation 
reflecting panels can be made using the fabrication methods 
disclosed in US Patent No. 5,506,704 to Broei\ et al, or the methods 
disclosed in US Patent No. 5,221,982 to Paris. 

Physically interfacing panels 11, 15 A and 15B of the electro- 
optical glazing structure of Fig. 4 can be achieved using conventional 
lamination techniques well known in the glazing art. 

In the illustrative embodiment of the glazing structure of Fig. 4, 
characteristic reflection bandwidth ^X^^ntLon ^^e LHCP 
electromagnetic radiation reflecting panel 15A is designed to be 
substantially the same as characteristic reflection bandwidth A;\.|;"^^^j^^ 

of the LHCP electromagnetic radiation reflecting panel 15B. It is 
understood, however, that in alternative embodiments of the present 
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invention, such reflection characteristics may be specifically designed 
to partially overlap, or be separated from each other on the 
wavelength (i.e. frequency) domain in to provide desired 
reflection/transmission performance characteristics. 
5 The clcctrically-active Ti-retardation panel 11 can be 

constructed using any of the techniques described in detail above. 

The operation of the glazing structure of Fig. 4 will now be 
described with reference to Figs. 5A and 5B, where the 7i-phase 

retardation panel 1 1 of Fig. 2C is used in the construction of the 
1 0 glazing structure. 

As shown in F'lj!. 5A, the electro-optical glazing structure of Fig. 
4 is switched to its optically opaque state of operation by applying 
the appropriate c^^ntrol voltage thereacross (i.e. V=: 0 Volts). In this 
optical state, the clcctro-<ipiical glazing structure 14 reflects both 

1 5 LHCP and RHCP electromagnetic radiation within AX.[;"^^-^„ incident the 

window panel, independent of its direction of propagation. As such, 
the operation of this particular electro-optical glazing structure is 
"symmetrical". The physical mechanisms associated with such 
reflection processes are schematically illustrated in Fig. 5A. 

2 0 Inasmuch as 1009^ of incident electromagnetic radiation is reflected 

from the surface of the electro-optical glazing structure, this glazing 
structure is "totally reflective" in this state of operation. 

As shown in Fig. 5B, the electro-optical glazing structure of Fig. 
4 is switched to its optically semi-transparent (i.e. semi-clear state) 
2 5 of operation by applying the appropriate control voltage thereacross 

(i.e. V= 20 Volts). In this optical state, the electro-optical glazing 
structure 14 reflects LHCP electromagnetic radiation within AX,[;"^^^i^„ 

incident the window panel, independent of its direction of 
propagation, while transmitting RHCP electromagnetic radiation 
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Within A)^^Z.o. incident the window panel, independent of the 
direction of electromagnetic radiation propagation. As such, the 
operation of this particular electro-optical glazing structure is 
"symmetrical". The physical mechanisms associated with such 
rcnection and transmission processes are schematically illustrated in 
F.g. 5A. Inasmuch as 50% of incident electromagnetic radiation is 
transmitted through the electro-optical glazing structure, while 50% 
of such electromagnetic radiation is reflected therefrom, this glazing 
structure is "partially transmissive" in this state of operation. 

Third Illustrative Fmhodiment Of Th. Pl . ctro-Op t.V.i 
Str ucture Of The Present Inventirm ^ 

The third illustrative embodiment of the electro-optical glazing 
structure hereof will be described with reference to Figs. 6 through ^ 
7B. As shown in Fig. 6, the electro-optical glazing structure of the 
third illustrative embodiment 17 comprises: an electrically-active n- 
phase retardation panel 11 interposed between an electrically- 
passive LHCP electromagnetic radiation reflecting panel 18A and an 
electrically-passive RHCP electromagnetic radiation reflecting panel 
18B; and electrically conductive means 19 for applying optical-state 
control voltages to the electrically-active 7.-phase retardation panel 
11. Preferably, the electro-optical glazing structure of Fig 6 is 
mounted within a frame structure as described in connection with 

the generalized embodiment shown in Figs. lA and IB, and 

incorporates all of the power generation, electromagnetic radiation 

detection and micro-control mechanisms thereof. 

As illustrated in Figs. 6A and 6B, electromagnetic radiation 

having a LHCP polarization state and a wavelength inside the 
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characteristic reflection bandwidth A^J;"^^^.^^ of the LHCP 

electromagnetic radiation reflecting panel 18A is reflected directly 
therefrom without absorption, while electromagnetic radiation 
having either a RHCP polarization state and/or a wavelength outside 
the characteristic reflection band A^^",^,'^„ of the LHCP electromagnetic 
radiation reflecting panel is transmitted directly therethrough 
without absorption. In the preferred embodiment, the broad-band 
RHCP electromagnetic radiation reflecting panels 18A are fabricating 
by applying a coating of CLC-based ink (with suspended CLC flakes 
therein) onto a conventional glass panel, as taught in International 
Publication No. WO 97/16762, and described hereinabove.^ 
Alternatively, narrow-band RHCP electromagnetic radiation reflecting 
panels 18A can be made using the fabrication methods disclosed in 
US Patent No. 5,221,982 to Paris, and while less preferred, using the 
methods disclosed in US Patent No. 5,506,704 to Broer, et al. 

As illustrated in Figs. 6C and 6D, electromagnetic radiation 
having a RHCP polarization state and a wavelength inside the 
characteristic reflection bandwidth A^^^^^^ of the RHCP 

electromagnetic radiation reflecting panel 18B is reflected directly 
therefrom without absorption, while electromagnetic radiation 
having either a LHCP polarization state and/or a wavelength outside 
the characteristic reflection bandwidth A^^^^^J^^^ of the RHCP 

electromagnetic radiation reflecting panel is transmitted directly 
therethrough without absorption. In the preferred embodiment, the 
broad-band RHCP electromagnetic radiation reflecting panels 18B are 
fabricating by applying a coating of CLC-based ink (with suspended 
CLC flakes therein) onto a conventional glass panel, as taught in 
International Publication No. WO 97/16762, and described 
hereinabove. Alternatively, narrow-band RHCP electromagnetic 
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radiation reflecting panels 18B can be made using the fabrication 
methods disclosed in US Patent No. 5,221,982 to Paris, and using the 
less preferred techniques disclosed in US Patent No. 5,506,704 to 
Broer, et al. 

5 In the illustrative embodiment of the glazing structure of Fig. 6, 

characteristic reflection bandwidth AX|*^"^^J.^^ of the RHCP 

electromagnetic radiation reflecting panel 18B is designed to be 
substantially the same as characteristic reflection bandwidth AX^^J^^. 

rcfieciion 

of the LHCP electromagnetic radiation reflecting panel 18A. It is 
1 0 understood, however, that in alternative embodiments of the present 

invention, such reflection bandwidth characteristics may be 
specifically designed to partially overlap, or be separated from each 
other on the wavelength (i.e. frequency) domain in to provide 
desired reflection/transmission performance characteristics. 
15 Electrically-active k retardation panel 11 can be realized using 

any of the construction techniques described in detail above. 
Physically interfacing panels 11, 18A and 18B of the electro-optical 
glazing structure of Fig. 6 can be achieved using conventional 
lamination techniques well known in the glazing art. 
20 The operation of the glazing structure of Fig. 6 will now be 

described with reference to Figs. 7A and 7B, where the 7c-phase 

retardation panel 1 1 of Fig. 2C is used in the construction of the 
glazing structure. 

As shown in Fig. 7A, the electro-optical glazing structure of Fig. 
25 6 is switched to its semi-optically transparent (i.e. clear) state of 

operation by applying the appropriate control voltage thereacross 
(i.e. V= 0 Volts). In this optical state, the electro-optical glazing 
structure reflects LHCP electromagnetic radiation within ATJ;^^^.^^ 
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incident on the LHCP electromagnetic radiation reflecting panel 18A 
of the window panel, while transmitting RHCP electromagnetic 
radiation within Al^Z.. incident thereto and converting the same 
into LHCP electromagnetic radiation by the Tt-phase shifter as it 
emanates from the RHCP electromagnetic radiation reflecting panel 
18B. In this optical state, the electro-optical glazing structure reflects 
RHCP electromagnetic radiation within aC1„ incident on the RHCP 
electromagnetic radiation reflecting panel 18B of the window panel, 
while transmitting LHCP electromagnetic radiation within AX""" 

reflection 

incident thereto and converting the same into RHCP electromagnetic 
radiation as it emanates from the LHCP electromagnetic radiation 
reflecting panel 18 A. As such, the operation of this particular 
electro-optical glazing structure is "assymmetrical". The physical 
mechanisms associated with such reflection and transmission- 
reflection processes are schematically illustrated in Fig. 7A in great 
detail. Inasmuch as 50% of incident electromagnetic radiation is 
transmitted through the electro-optical glazing structure, while 50% 
of such electromagnetic radiation is reflected therefrom, this glazing 
structure is "partially transmissive" in this state of operation. 

As shown in Fig. 7B, the electro-optical glazing structure of Fig. 
6 is switched to its optically opaque state of operation by applying 
the appropriate control voltage thereacross (i.e. V= 20 Volts). In this 
optical state, the electro-optical glazing structure reflects LHCP and 
RHCP electromagnetic radiation within aC1„ incident on the LHCP 
electromagnetic radiation reflecting panel of the window panel. In 
this optical state, the electro-optical glazing structure 17 also reflects 
RHCP and LHCP electromagnetic radiation within A^cL incident on 
the RHCP electromagnetic radiation reflecting panel 18B of the 
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window panel. As such, the operation of this particular electro- 
optical glazing structure is "symmetrical". The physical mechanisms 
associated with such reflection and transmission-reflection processes 
are schematically illustrated in Fig. 7B in great detail. Inasmuch as 
5 100% of incident electromagnetic radiation is reflected from the 

surface of the electro-optical glazing structure, this glazing structure 
is ^'totally reflective" in this state of operation. 

<, 

Fourth Illustrative Embodiment Of The Electro-Optical Glazing 
1 0 Structure Of The Present Invention 

The fourth illustrative embodiment of the electro-optical 
glazing structure hereof will be described with reference to Figs. 8 
through 9B. As shown in Fig. 8, the electro-optical glazing 

1 5 structure of the fourth illustrative embodiment 19 comprises: an 

electrically-passive linear polarization direction rotating panel 19C 
interposed between a first electrically-active linearly polarizing 
electromagnetic radiation reflecting panel 19A having linearly 
polarization state LPl, and a second electrically-active LHCP 

2 0 electromagnetic radiation reflecting panel 19C having linearly 

polarization state LP2, orthogonal to LPl or parallel; and electrically 
conductive means 19D for applying optical-state control voltages to 
the electrically-active LHCP electromagnetic radiation reflecting 
panels 19B and 19C. Preferably, the electro-optical glazing structure 

2 5 of Fig. 8 is mounted within a frame structure as described in 

connection with the generalized embodiment shown in Figs. lA and 
IB, and incorporates all of the power generation, electromagnetic 
radiation detection and micro-control mechanisms thereof. 

In Figs. 8A and 8B, the reflection characteristics of electrically- 

30 passive LPl electromagnetic radiation reflecting panel 19B are 
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illustrated. As shown, electromagnetic radiation having a LPl 
polarization state and a wavelength inside the characteristic 
reflection bandwidth A?.|;^'„,i„„ of the LPl electromagnetic radiation 
reflecting panel is reflected directly therefrom without absorption, 
while electromagnetic radiation having either a LP2 polarization state 
and/or a wavelength outside the characteristic reflection bandwidth 
A^rtneoon t^c LP2 elcctromagnetic radiation reflecting panel is 
transmitted directly therethrough without absorption. 

In Figs. 8C and 8D, the reflection characteristics of electrically- 
active LP2 electromagnetic radiation reflecting panel 19C are 
illustrated. As shown in Figs. 8C and BD, electromagnetic radiation 
having a LPl polarization state and any wavelength within 
transmission bandwidth AXlZ^^.,^„ is transmitted directly through the 
glazing panel without absorption, while electromagnetic radiation 
having either a LP2 polarization state and/or a wavelength outside 
the characteristic reflection bandwidth AX^^^^^-^„ of the LP2 

electromagnetic radiation reflecting panel is transmitted directly 
therethrough without absorption. 

Electrically-passive LPl and LP2 polarization reflective panels 
19A and 19B can be made from super broad-band CLC film taught in 
International Publication No. WO 97/16762 by Reveo, Inc., and while 
less preferred, using the fabrication methods disclosed in US Patent 
No. 5,221,982 to Paris, and in US Patent No. 5,506,704 to Broer, et al, 
each of these references incorporated herein by reference in its 
entirety. These applications disclose how to make circularly 
polarizing reflective CLC films. Such films can be converted into 
linearly polarizing CLC films using the novel phase-retardation 
imparting techniques taught in great detail in International 
Application Serial No. PCT/US97/20091 entitled "Liquid Crystal Film 
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Structures With Phase-Retardation Surface Regions Formed Therein' 
by Reveo, Inc., incorporated herein by reference in its entirety. The 
methods taught therein allows one to make an electrically-passive, 
broad-band linear polaring panel from a single layer of CLC film 
material, without laminating a nil phase-retardation panel to a laye 
of circularly polarizing CLC film. 

An alternative method of making broad-band linearly 
polarizing reflective panels 19A and 19B is disclosed in US Patent No 
5,506,704 to Broer, et al. However, the fabrication techniques 
disclosed therein are less preferred than those taught in 
International Application Serial No. PCT/US97/20091 , as the 
technique disclosed in US Patent No. 5,506,704 requires laminating a 
nil phase retardation panel to a circularly polarizing CLC film layer, 
which complicates manufacture and increases manufacturing costs. 

The electronically-switchable linear polarization direction 
rotating panel 19C employed in the electro-optical glazing structure 
of Fig. 8 can be realized as an electrically-controlled birefrigence 
(ECB) cell, surface stabilized ferroelectric liquid crystal (SSFLC) cell, 
twisted nematic (TN) liquid crystal cell, super-twisted nematic (STN) 
liquid crystal cell, or CLC cell, whose operation is controlled by a 
control voltage well known in the art. To construct the linear 
polarization rotating cell 19C, a layer of liquid crystal material is 
contained between a spaced apart pair of glass panels bearing layers 
of ITO on the interior surfaces thereof, and rubbed polyimide to 
provide liquid crystal alignment in a manner well known in the art. 
The ITO layers are used to create the necessary voltage across the 
layer of liquid crystal material and align the liquid crystal molecules, 
thereby preventing rotation of the polarization direction of linearly 
polarized light being transmitted therethrough during operation of 
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the electro-optical glazing structure. 

Physically interfacing panels 19 A, 19B and 19C of the electro- 
optical glazing structure of Fig. 8 can be achieved using conventional 
lamination techniques well known in the glazing art. 

The operation of the glazing structure of Fig. 8 will now be 
described with reference to Figs. 9 A and 9B. 

As shown in Fig. 9A, the electro-optical glazing structure of Fig. 
8 is switched to its optically opaque state of operation by not 
applying a control voltage thereacross (i.e. V=0). In this optical 
state, the electro-optical glazing structure 19 reflects LPl 
electromagnetic radiation within AX|;^V^„ incident on the LPl 
electromagnetic radiation reflecting panel without adsorption, while 
transmitting LP2 electromagnetic radiation within AX^^^nLon incident 

thereto without adsorption. Also in this optical state, the electro- 
optical glazing structure 19 reflects LP2 electromagnetic radiation 
within A>t^^^^^„„„ incident on the LP2 electromagnetic radiation 

reflecting panel without adsorption, while transmitting LPl 
electromagnetic radiation within AX^^nL.on incident thereto without 

adsorption. As such, the operation of this particular electro-optical 
glazing structure is "assymmetrical". The physical mechanisms 
associated with such reflection processes are schematically illustrated 
in Fig. 9A in great detail. Inasmuch as 50% of incident 
electromagnetic radiation is reflected from the electro-optical glazing 
structure and 50% of incident electromagnetic radiation is 
transmitted through the electro-optical glazing structure, this glazing 
structure is "partially reflective" in this state of operation. 

As shown in Fig. 9B, the electro-optical glazing structure of Fig. 
8 is switched to its optically transparent (i.e. clear) state of operation 
by applying the appropriate control voltage thereacross (i.e. V=:l). In 
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this optical state, the electro-optical glazing structure 19 reflects both 
LP! and LP2 electromagnetic radiation within A?iJ;^^^^,^^ and A?iJ;^ecnon 

incident on either electromagnetic radiation reflecting panel of the 
window panel without adsorption, independent of the direction of 
propagation of the incident electromagnetic radiation. As such, the 
operation of this particular electro-optical glazing structure is 
"symmetrical". The physical mechanisms associated with such 
transmission processes are schematically illustrated in Fig, 9B in 
great detail. Inasmuch as 100% of incident electromagnetic radiation 
is transmitted through the electro-optical glazing structure, this 
glazing structure is "totally opaque" in this state of operation. 

The electro-optical glazing structure of Fig, 8 can be readily 
adapted to exhibit "asymmetrical" reflection/transmission 
characteristics over its broad-band of operation by tuning the 
spectral transmission characteristics of both the CLC-based LPl and 
LP2 electromagnetic radiation reflecting panels 19A and 19B of the 
illustrative embodiment so that the spectral reflection (and 
transmission) bandwidth characteristics thereof are either 
completely or partially overlapping or are separated on the 
wavelength (i.e. frequency) domain. Using such CLC-tuning 
techniques, it is possible to create an electro-optical glazing structure 
having the construction of Fig. 8 which, when switched to its first 
optical state, is capable of totally reflecting electromagnetic radiation 
within a desired reflection band (e.g. within the ultraviolet and 
infrared bands) in a first direction defined with respect to the panel, 
and when switched to its second optical state, totally transmitting 
electromagnetic radiation within such reflection band. 
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Fifth niustrativc Emhodiment Of The Flerrro-Op H ^al Glazinp Srmnt.... 
Of The Present Invention 

The fifth illustrative embodiment of the electro-optical glazing 
structure hereof will be described with reference to Figs. 10 through 
11C2. 

As shown in Fig. 10, the electro-optical glazing structure of the 
fifth illustrative embodiment 20 comprises: an electrically-passive tc- 
phase retardation panel 21 interposed between a first electrically- 
active LHCP electromagnetic radiation reflecting panel 22A and a 
second electrically-active LHCP electromagnetic radiation reflecting 
panel 22B; and electrically conductive means 23 for applying optical - 
state control voltages to the electrically-active LHCP electromagnetic 
radiation reflecting panels 22 A and 22B. Preferably, the electro- 
optical glazing structure of Fig 10 is mounted within a frame 
structure as described in connection with the generalized 
embodiment shown in Figs. lA and IB, and incorporates all of the 
power generation, electromagnetic radiation detection and micro- 
control mechanisms thereof. 

In Fig. lOA, electrically-active LHCP electromagnetic radiation 
reflecting panel 22A is shown operated in its electrically inactive 
state (i.e. when V=0). As shown in Fig. IOC, electromagnetic 
radiation having a LHCP polarization state and a wavelength inside 
the characteristic reflection bandwidth AA,J;"^^.„„ of the LHCP 
electromagnetic radiation reflecting panel is reflected directly 
therefrom without absorption, while electromagnetic radiation 
having either a RHCP polarization state and/or a wavelength outside 
the characteristic reflection bandwidth A'k^^';^^ of the LHCP 

electromagnetic radiation reflecting panel is transmitted directly 
therethrough without absorption. 



54 



wo 98/38547 PCT/US98/03688 

In Fig. lOB, the electrically-active LHCP electromagnetic 
radiation reflecting panel 22B is shown operated in its electrically 
active state (i.e. when V=l). As shown in Fig. lOD, electromagnetic 
radiation having a LHCP or RHCP polarization state and any 
wavelength within transmission bandwidth AX^^Zi..^^ is transmitted 
directly through the glazing panel without absorption. 

The electrically-passive 71-phase retardation panel 21 
employed in the electro-optical glazing structure of Fig. 10 can made 
from any material having a permanent birefringence which imparts 
to a 7C -phase retardation to electromagnetic radiation (within the 
operational band of the device). This panel can be fabricated from 
PVA, nematic liquul crvsial. mica, etc. in a manner well known in the 
art. Methods tot niakuii: such optical devices are disclose in US 
Patent No. 5,1I3.2S.S lo f ranklin, et al., incorporated herein by 
reference. ^ 

Electrically-switchabic circularly polarizing reflective panels 
22A and 22B can be fabricated using the construction techniques 
illustrated in Figs. II through 11 A3. As shown in Fig. 11, each such 
panel generally comprises a pair of optically transparent plates 22A1 
and 22A2 (e.g. made of glass, acrylic, etc.) spaced apart by a spacers 
22A3 in a manner known in the art. In the illustrative embodiment, 
the spacing between the plates is about 20 microns, however, it is 
understood that such dimensions may vary from embodiment to 
embodiment of the invention. The internal surfaces of the plates are 
coated with a layer of ITO material 22A4 and 22A to form optically 
transparent electrode surfaces. A polyimide coating is applied over 
the ITO layers, which is then rubbed to create director (i.e. 
alignment) surfaces for liquid crystal molecules to spontaneously 
order in accordance with the chiral phase, in a manner well known in 
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the art. Electrical leads are attached to the ITO layers. 

Having formed . a cell between the spaced apart plates 22 A 1 
and 22A2, a cholesteric liquid crystal (CLC) mixture 22A6 is prepared 
and then poured into the interior volume of the "celF' formed 
5 between the plates and spacers. In the illustrative embodiment set 

forth in Fig. 10, a "left-hand CLC formula'% must be used to make the 
CLC mixture for the electrically switchable LCHP panels 22 A and 22B. 
In the illustrative embodiment set forth in Fig. 12, a "right-hand CLC 
formula" must be used to make the CLC mixture for the electrically 
10 switchable RCHP panels 25 A and 25B. In the illustrative 

embodiment set forth in Fig. 14, a "left-hand CLC formula" must be 
used to make the CLC mixture for the electrically switchable LHCP 
panel 28A, and a "right-hand CLC formula" must be used to make the 
CLC mixture for the electrically switchable RHCP panel 28B. These 

1 5 CLC formulas will be described in detail below. 

According to the left-handed CLC formula, the following 
material components are measured and mixed together in a vessel, in 
the hereinafter specified "by weight" proportions, namely: 1 weight 
unit of liquid crystal polymerizable material having a left-handed 
20 cholesteric order (phase) (e.g. CC4039L from Wacker Chemical, 

Germany); 49.4 weight units of low-molecular weight nematic liquid 
crystal material (e.g. E7 from EMI, Inc. of Hawthorne, New York); c 
0.026 weight units of UV photointiator (e.g. IG184 from Ciba Gigy); 
0.30 weight units of a first left-handed chiral additive (e.g. RlOll 

2 5 from EMI, Inc.); and 0.42 weight units of a second left-handed chiral 

additive (e.g. CB15 from EMI, Inc.). 

According to the right-handed CLC formula, the following 
material components are measured and mixed together in a vessel, in 
the hereinafter specified "by weight" proportions, namely: 1 weight 
30 unit of liquid crystal polymerizable material having a right-handed 
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cholesteric order (phase) (e.g. GC4039R from Wacker Chemical, 
Germany); 49.4 weight units of low-molecular weight nematic liquid 
crystal material (e.g. E7 from EMI, Inc. Of Hawthorne, New York); 
0.026 weight units of UV photointiator (e.g. IG184 from Ciba-Gigy); 
0.30 weight units of a first right-handed chiral additive (e.g. RlOll 
from EMI, Inc.); and 0.42 weight units of a second right-handed 
chiral additive (e.g. CB15 from EMI, Inc.). The spectral reflection 
characteristics for this particular right-handed CLC material (prior to 
UV polymerization) are shown in Fig.MlAl. 

After the appropriate CLC mixture has been made and poured 
into the cell region between the glass plates 22A1 and 22A2, the 
panel structure is placed in a temperature-controlled curing cabinet 
containing a UV light source of controlled light intensity. The CLC 
panel structure is then cured within the cabinet. For the case of the 
above-described embodiment, using the above-described CLC 
mixture formulas, the CLC structure is cured for 12 hours while being 
maintained at 25^C and exposed to UV light of 365nm and power 
density 0.72mW/cm2. 

In Fig. IIAI, the reflection characteristics of the RHCP CLC 
panel prior to UV polymerization are shown. In Fig. 11A2, the 
reflection characteristics for the RHCP CLC panel after UV 
polymerization are shown when no voltage has been applied across 
the ITO coated plates. Notably, after UV polymerization, the 
reflection bandwidth of the CLC material has doubled. In Fig. 11 A3, 
the reflection characteristics for the RHCP CLC panel are shown when 
a voltage has been applied. Notably, the big reflection peak shown in 
Fig. 1 1 A2 disappears due to the unwinding of the CLC helix of the CLC 
panel in the presence of the electric field created by the applied 
voltage. However, a weak peak is still observed in the reflection 

57 



wo 98/38547 PCT/US98/03688 

characteristics of this example due to the fact that the applied 
voltage had not been high sufficiently high enough intensity. 

Having constructed the various subcomponents of the electro- 
optical glazing structure of Fig. 10, panels 21, 22A and 22B can then 
be physically interfaced as an integral unit using conventional 
lamination techniques well known in the glazing art. 

The operation of the glazing structure shown in Fig. 10 will 
now be described with reference to Figs. lOE and lOF. 

As shown in Fig. lOE, the electro-optical glazing structure of 
Fig. 10 is switched to its optically opaque state of operation by not 
applying a control voltage thercacross (i.e. V=0). In this optical 
state, the electro-optical glazing structure 20 reflects LHCP and RHCP 
electromagnetic radiation within AA.,';'^^,';.„„ incident on either LHCP 
electromagnetic radiation reflecting panel without adsorption, 
independent of the direction of propagation thereof, as shown in Fig. 
lOE. As such, the operation of this particular electro-optical glazing 
structure is "symmetrical". The physical mechanisms associated with 
such reflection processes are schematically illustrated in Fig. lOE in 
great detail. Inasmuch as 100% of incident electromagnetic radiation 
is transmitted through the electro-optical glazing structure, this 
glazing structure is "totally reflective" in this state of operation. 

As shown in Fig. lOF, the electro-optical glazing structure of 
Fig. 10 is switched to its optically transparent (i.e. clear) state of 
operation by applying the appropriate control voltage thereacross 
(i.e. V=l). In this optical state, the electro-optical glazing structure 
20 transmits both LHCP and RHCP electromagnetic radiation within 
-^^"neLn incident on either LHCP electromagnetic radiation reflecting 
panel of the window panel without adsorption, independent of the 
direction of propag'ation of the incident electromagnetic radiation. As 
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such, the operation of this particular electro-optical glazing structure 
is "symmetrical". The physical mechanisms associated with such 
transmission processes are schematically illustrated in Fig. lOF in 
great detail. Inasmuch as 100% of incident electromagnetic radiation 
5 is transmitted through the electro-optical glazing structure, this 

glazing structure is " totally transmissive" in this state of operation. 

The electro-optical glazing structure of Fig. 10 can be readily 
adapted to exhibit "asymmetrical" reflection/transmission 
characteristics over its broad-band of operation by tuning the 
1 0 spectral transmission characteristics of both the CLC-based LHCP 

electromagnetic radiation reflecting panels 22A and 22B so that the 
spectral reflection (and transmission) bandwidth characteristics 
thereof are either completely or partially overlapping or are 
separated on the wavelength (i.e. frequency) domain. Using such 

1 5 CLC-tuning techniques, it is possible to create an electro-optical 

glazing structure having the construction of Fig. 10 which, when 
switched to its first optical state, is capable of totally reflecting 
electromagnetic radiation within a desired reflection band (e.g. 
within the ultraviolet and infrared bands) in a first direction defined 
20 with respect to the panel, and when switched to its second optical 

state, totally transmitting electromagnetic radiation within such 
reflection band. 

Sixth Illustrative Embodiment Of The Electro-Optical Glazing 

2 5 Structure Of The Present Invention 

The sixth illustrative embodiment of the electro-optical glazing 

structure hereof will be described with reference to Figs. 12 through 
13B. 

30 As shown in Fig. 12, the electro-optical glazing structure of the 
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Sixth ilius,ra„ve embodimen, 24 con,prises: an elec.rfcally.passive 
.-phase retardation panel 21 tn.erposed between a firs, electrically 
active RHCP electromagnetic rad.ation renecting panel 25A and a 
second electrically-active RHCP electromagnetic radiation reflectino 
panel 25B: and electrically conductive means 26 for applying optical 
.state control voltages to the elec.rically-active RHCP electromagnetic 
rad,at,on reflecfng panels 25 A and 25B. Preferably, the electro- 
opltcal glazing structure of Fig 12 is mounted within a frame 
structure as described in connection with the generalized 
embodiment shown in Figs. lA and IB, and incorporates all of the 
power generation, electromagnetic radiation detection and micro- 
control mechanisms thereof. 

In Fig. 12A, the electrically-active RHCP electromagnetic 
radiation reflecting panel 25A (25B) is shown being operated in its 
electrically inactive state (i.e. when V=0). As shown in Fig. I2B 
electromagnetic radiation having a RHCP polarization state and a 
wavelength inside the characteristic reflection bandwidth A^"" of 
the RHCP electromagnetic radiation reflecting panel 25A (25B) is 
reflected directly therefrom without absorption, while 
electromagnetic radiation having either a LHCP polarization state 
and/or a wavelength outside the characteristic reflection bandwidth 
^^renecnon of thc RHCP clectromagnetic radiation reflecting panel is 
transmitted directly therethrough without absorption. 

In Fig. 12C, the electrically-active RHCP electromagnetic 
radiation reflecting panel 25A (25B) is shown being operated in its 
electrically active state (i.e. when V=l). As shown in Fia 12D 

electromagnetic radiation havin^^ a LHCP nr T?unx> i • 

«viu^ d L^tii^f or KHCP polarization state 

and any wavelength within transmission bandwidth AX*^"^"- i. 
transmitted directly through the electro-optical panel without 
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absorption. 

The electrically-passive Tc-phase retardation panel 21 

employed in the electro-optical glazing structure of Fig. 12 can be 
realized in the manner described above in connection with the 
embodiment shown in Fig. 12 above. The electrically-active, broad- 
band LHCP electromagnetic radiation reflecting panels 25 A and 25B 
used in the glazing structure of Fig. 10 can be made using the 
fabrication methods described above in connection with the 
embodiment shown in Fig. 10. Physically interfacing panels 21, 25 A 
and 25B of the electro-optical glazing structure of Fig. 12 can be 
achieved using conventional lamination techniques well known in the 
glazing art. 

The operation of the glazing structure of Fig. 12 will now be 
described with reference to Figs. 13A and 13B- 

As shown in Fig. 13 A, the electro-optical glazing structure of 
Fig. 12 is switched to its optically opaque state of operation by not 
applying a control voltage thereacross (e.g. V=0 Volts). In this 
optical state, the electro-optical glazing structure 24 reflects LHCP 
and RHCP electromagnetic radiation within A?^J^"^Ji„„ incident on the 

RHCP electromagnetic radiation reflecting panel 25A (25B) of the 
window panel without adsorption, independent of the direction of 
propagation of the incident electromagnetic radiation. As such, the 
operation of this particular electro-optical glazing structure is 
"symmetrical". The physical mechanisms associated with such 
reflection processes are schematically illustrated in Fig. 13A in great 
detail. Inasmuch as 100% of incident electromagnetic radiation is 
reflected from the electro-optical glazing structure, this glazing 
structure is "totally reflective" in this state of operation. 

As shown in Fig. 13B, the electro-optical glazing structure of 
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Fig. 12 is switched to its optically transparent (i.e. clear) state of 
operation by applying the appropriate control voltage thercacross 
(e.g. V=l Volts). In this optical state, the electro-optical glazing 
structure 24 transmits both LHCP and RHCP electromagnetic radiation 
within A?.,^.„^^„„„ incident on either RHCP electromagnetic radiation 
reflecting panel 25A (or 25B) without adsorption, independent of the 
direction of propagation of the incident electromagnetic radiation. As 
such, the operation of this particular electro-optical glazing structure 
is "symmetrical". The physical mechanisms associated with such 
transmission processes are schematically illustrated in Fig. 13B in 
great detail. Inasmuch as 100% of incident electromagnetic radiation 
is transmitted through the electro-optical glazing structure, this 
glazing structure is "totally transmissive" in this state of operation. 

The electro-optical glazing structure of Fig. 12 can be readily 
adapted to exhibit "asymmetrical" reflection/transmission 
characteristics over its broad-band of operation by tuning the 
spectral transmission characteristics of both the CLC-based RHCP 
electromagnetic radiation reflecting panels 25A and 25B so that the 
spectral reflection (and transmission) bandwidth characteristics 
thereof are either completely or partially overlapping or are 
separated on the wavelength (i.e. frequency) domain. Using CLC- 
tuning techniques, it is possible to create an electro-optical glazing 
structure having the construction of Fig. 12 which, when switched to 
its first optical state, is capable of totally reflecting electromagnetic 
radiation within a desired reflection bandwidth (e.g. within the 
ultraviolet and infrared bands) in a direction deflned with respect to 
the panel, and when switched to its second optical state, totally 
transmitting electromagnetic radiation within such reflection band. 
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Seventh Illustrative Embodiment Of The Electro-Optical Glazing 
Structure Of The Present Invention 

The seventh illustrative embodiment of the electro-optical 
glazing structure hereof will be described with reference to Figs. 14 
through 15B. 

As shown in Fig, 14, the electro-optical glazing structure of the 
seventh illustrative embodiment 27 comprises: an electrically-active 
LHCP electromagnetic radiation reflecting panel 28A; an electrically- 
active RHCP electromagnetic radiation reflecting panel 28B laminated 
to panel 28A; and electrically conductive means 29 for applying 
optical-state control voltages to the electrically-active LHCP and RHCP 
electromagnetic radiation reflecting panels 28 A and 28B. Preferably, 
the electro-optical glazing structure of Fig 14 is mounted within a 
frame structure as described in connection with the generalized 
embodiment shown in Figs. lA and IB, and incorporates all of the 
power generation, electromagnetic radiation detection and micro- 
control mechanisms thereof. 

In Fig. 14A, the electrically-active LHCP electromagnetic 
radiation reflecting panel 28A is shown being operated in its 
electrically inactive state (i.e. when V=0), As shown in Fig. 14B, 
electromagnetic radiation having a LHCP polarization state and a 
wavelength inside the characteristic reflection bandwidth AX^^^^^^^^ of 

the LHCP electromagnetic radiation reflecting panel 28A is reflected 
directly therefrom without absorption, while electromagnetic 
radiation having either a RHCP polarization state and/or a 
wavelength outside the characteristic reflection bandwidth AX,J;^^^^i^„of 

the LHCP electromagnetic radiation reflecting panel 28A is 
transmitted directly therethrough without absorption. 

In Fig. 14C, the electrically-active LHCP electromagnetic 
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radiation reflecting panel 28B is shown being operated in its 
electrically active state (i.e. when V=l), As shown in Fig. 14D, 
electromagnetic radiation having a LHCP or RHCP polarization state 
and any wavelength within transmission bandwidth AX,!;"^!^,^^;^^ is 

transmitted directly through the electro-optical panel 28A without 
absorption. 

In Fig. 14E, the electrically-active RHCP electromagnetic 
radiation reflecting panel 28B is shown being operated in its 
electrically inactive state (i.e. when V=0), As shown in Fig.l4F, 
electromagnetic radiation having a RHCP polarization state and a 
wavelength inside the characteristic reflection bandwidth AA^f^^^J^^^ of 

the RHCP electromagnetic radiation reflecting panel 28B is reflected 
directly therefrom without absorption, while electromagnetic 
radiation having either a LHCP polarization state and/or a 
wavelength outside the characteristic reflection bandwidth AA,^"^Ji^„ of 

the RHCP electromagnetic radiation reflecting panel 28B is 
transmitted directly therethrough without absorption. 

In Fig. 14G, the electrically-active RHCP electromagnetic 
radiation reflecting panel 28B is shown being operated in its 
electrically active state (i.e. when V=l). As shown in Fig. 14H, 
electromagnetic radiation having a LHCP or RHCP polarization state 
and any wavelength within transmission bandwidth A/ll^"^^^^.^^ is 

transmitted directly through the electro-optical panel 28B without 
absorption. 

The electrically-active, broad-band LHCP and RHCP 
electromagnetic radiation reflecting panels 28A abd 28B used in the 
glazing structure of Fig. 14 can be made using the fabrication 
methods described above in connection with the embodiment shown 
in Fig. 10. In the preferred embodiment, the liquid crystal polymer 
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material contained within panel 28A can be made using the following 
formula: CLC polymer (BASF 171): 12%; CB15: 25%; E44: 64%; IG184: 
1%. The sample is made by filling the mixture into a pair of buffed 
polyimide ITO glass substitutes. UV curving intensity is 10 5w/cm2. 
5 A similar formula is used to make the liquid crystal polymer material 

contained within panel 28B. 

Physically interfacing panels 28A and 28B of the electro-optical 
glazing structure of Fig. 14 can be achieved using conventional 
lamination techniques well known in the glazing art. 
0 The operation of the glazing structure of Fig. 14 will now be 

described with reference to Figs. 15A and 15B. 

As shown in Fig. 15 A, the electro-optical glazing structure of 
Fig. 14 is switched to its optically opaque state of operation by not 
applying a control voltage thereacross (i.e. V=0). In this optical 
1 5 state, the electro-optical glazing structure 27 reflects LHCP and RHCP 

electromagnetic radiation within reflection bandwidth Al''"*^'' 

"'rcnection 



incident on the LHCP electromagnetic radiation reflecting panel 28A 
without adsorption, while reflecting LHCP and RHCP electromagnetic 
radiation within reflection bandwidth AXl"„Zo« incident on the RHCP 

20 electromagnetic radiation reflecting panel 28B without adsorption. 
As such, the operation of this particular electro-optical glazing 
structure is "symmetrical". The physical mechanisms associated with 
such reflection processes are schematically illustrated in Fig. 15A in 
great detail. Inasmuch as 100% of incident electromagnetic radiation 

25 is reflected from the electro-optical glazing structure, this glazing 
structure is "totally reflective" in this state of operation. 

As shown in Fig. 15B, the electro-optical glazing structure of 
Fig. 14 is switched to its optically transparent (i.e. clear) state of 
operation by applying the appropriate control voltage thereacross 
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(i.e. V=l). Assuming that the LHCP electromagnetic radiation 
reflecting panel 28A and RHCP electromagnetic radiation reflecting 
panel 28B each have the same characteristic transmission bandwidth 
(i-e. AX|;^„';;;,,,i,„ is the same as AA.;^,"^^;^.,,.^^), then when switched in this 

5 optical state, the electro-optical glazing structure of Fig. 14 transmits 

without adsorption, both LHCP and RHCP wavelengths within 
transmission bandwidth AA.[;"„^|V^3.^„ independent of whether such 

wavelengths fall incident on either the LHCP or RHCP electromagnetic 
radiation reflecting panel of the electro-optical glazing structure. As 

1 0 such, the operation of this particular embodiment of the electro- 

optical glazing structure is "symmetrical". The physical mechanisms 
associated with such transmission processes are schematically 
illustrated in Fig. 15B in great detail. Inasmuch as 100% of incident 
electromagnetic radiation is transmitted through the electro-optical 
15 glazing structure, this glazing structure is "totally transmissive" in 

this state of operation. 

Notably, the electro-optical glazing structure of Fig. 14 can be 
readily adapted to exhibit "asymmetrical" reflection/transmission 
characteristics over its broad-band of operation. Such characteristics 

2 0 can be imparted by tuning the spectral transmission characteristics 

of both the CLC-based RHCP and LHCP electromagnetic radiation 
reflecting panels 28A and 28B of the present invention so that the 
spectral characteristics thereof are either completely or partially 
overlapping or are separated on the wavelength (or frequency) 
2 5 domain. Using CLC-tuning techniques disclosed in International 

Publication No. WO 97/16762, it is possible to create an electro- 
optical glazing structure which, when switched to its first optical 
state, is capable of totally reflecting electromagnetic radiation within 
a desired reflection bandwidth (e.g. within the UV and IR bands) in a 
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direction defined with respect to the panel, and when switched to its 
second optical state, totally transmitting electromagnetic radiation 
within the reflection band. 

Alternatively, the electrically-active LHCP and RHCP reflecting 
panels 2SA and 28B panels in the glazing structure of Fig. 14 can be 
realized using the novel electro-optical construction schematically 
illustrated in Figs. 16A and 16B. 

As shown in Figs. 16A and 16B, the physical construction of this 
alternative embodiment of the electrically-switchable broad-band 
CLC panels 28 A (28B) is very similar to that of the panels described 
above in connectmn with Figs. 11 through 11 A3. However, in this 
alternative embodiment shown in Figs. 16A and 16B, the broad-band 
(or super broad-hand i CLC material contained between glass plates 
thereof is radicalK diMcrcnt from that contained with the panel 
illustrated in Figs. II throui:h 11 A3, as will be explained below. 

The novel material contained between the plates of this novel 
electrically-switchable super-broadband CLC (BBCLC) polarizer is 
made from polymeri/abic liquid crystal blends in cholesteric order. 
According to this aspect of the present invention, "functional 
pigment suspended liquid crystal" (FPSLC) material is created by 
mixing (i) broad-band CLC pigments (e.g. CLC microflakes taught in 
International Publication No. WO 97/16762) into (ii) an electrically- 
active (i.e. electrically-responsive) carrier fluid such as a low- 
molecular weight (LMW) ncmatic liquid crystal fluid (e.g. E7 and E44) 
which is commercially available from EMI of Hawthorne, New York. 
As will be explained in greater detail hereinafter, the micro-sized 
functional pigments of this particular embodiment have unique 
optical properties that can be exploited in various applications 
including electro-optical glazing structures. In the illustrative 
embodiment, the functional pigments are realized using BBCLC 
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microflakes having a size in the range of about 20-100 microns. 
When making the LHCP panel 28A, left-handed BBCLC microflakes 
should be used, whereas when making the RHCP panel 28B, right- 
handed BBCLC microflakes should be used. The mass density of the 
5 CLC microflakes should be substantially equal to the mass density of 

the LMW carrier liquid fluid. Also the refractive index of the CLC 
microflakes should be matched closely to the refractive index of the 
carrier fluid. 

Once prepared, the FPSLC mixture is poured into a cell 
1 0 constructed from a pair of spaced apart ITO-coated glass or plastic 

plates. To achieve the required liquid crystal alignment, the ITO 
layers are coated with rubbed polyimide in a manner well known in 
the art. The ITO layers are also provided with electrical leads so that 
an external field can be impressed across the ITO coated glass plates. 
15 As will be illustrated greater detail below, this makes the FPSLC 

material between the plates electrically-active or switchable between 
its electro-optical states of operation. Notably, when making such 
electrically-switchable plates, there is no UV polymerization step, as 
in the above-described fabrication methods. 
20 After the filling operation, the CLC pigments are uniformly 

distributed inside the cell in order to cover the entire cell area. The 
cell thickness is designed to be larger than the pigment dimension. It 
is assumed that the liquid crystal molecules are spontaneously 
aligned in homogeneous state due to the surface coating. The 
25 homogeneous alignment of the host LC molecules forces the CLC 

pigments to align parallel to the cell surface, as shown in Fig. 16A. 
The switching or reorientation of the host liquid crystal molecules by 
an applied electric field forces the suspended CLC pigments to be 
reoriented accordingly, as shown in Fig. 16B. For purposes of 
30 convention, it will be helpful to designate state "A" of the host liquid 
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crystal as the state when there is no electrical field is applied, as 
illustrated in Fig. 16A. Accordingly, the CLC pigments are assigned to 
be in state "A,./,.". Once a strong enough field, e.g., an electric field, is 
applied, the host liquid crystal molecules are reoriented to state "B" 
as shown in Fig. 16B. Accordingly, the CLC pigments are reoriented 
from state "A^^^' to state "B,/;'. Since the BBCLC pigments in the host 
liquid crystal preserve the same polarization property, then its 
parallel orientation should exhibit a polarizing state for an incoming 
light onto the cell surface. If the CLC microflakes are vertically 
aligned due to the reorientation of the host liquid crystal molecules 
under an applied field, then the cell loses the capability to polarize 
light and becomes transparent or quasi-transparent, i.e. provided 
that the thickness of the CLC microflakes is much smaller than the 
aerial dimension of the electro-optical cell. 

The electrically-switchable circularly polarizing panels of the 
type shown in Figs. I6A and 16B can be realized in a variety of 
configurations. These alternative configurations will be described 
below. 

Parallel-To-Vertical Configuration rCasc 

In this configuration, the cell is constructed so that the host 
nematic liquid crystal adopts a spontaneous alignment in 
homogeneous state. The ITO substrate is coated with a polyimide 
favorable for such an alignment followed by a mechanical rubbing. 
If the host liquid crystal has a positive dielectric anisotropy, it can be 
vertically reoriented into a homeotropic state by an electric field (E- 
field). In this case, state "A" of the host LC refers to homogeneous, 
and state "B" to homeotropic; while state "A^^^" and "B^y^" of the CLC 
pigments refers to parallel and perpendicular to the cell surface. 



69 



■ . .^,0 98/38547 PCT/US98/03688 

respectively, as schematically shown in Fig.l6A. In this way, the 
panel can be switched from polarizing reflection to transparent or 
quasi-transparent state. Varying the strength of the E-field can 
change the final reflectivity of the panel. It should be pointed out 
5 that rubbed polyimide is not the only choice for surface treatment. 

Other techniques are also applicable, such as oblique deposition of 
SiOx, UV alignablc layers, etc. 

Parallel-To- Vertical Confifrnratjon rCase TT) 
^° I" th'*^ configuration, the cell is constructed so that the host low 

molecular wciiiht (LMW) cholesteric liquid crystal adopts a 
spontaneous alignment in the planar state. The pitch of the LMW CLC 
can be mned cither inside or outside of the CLC pigment reflection 
spectral region. The ITO substrate is coated with a rubbed polyimide 
1 5 favorable for planar alignment. If the host liquid crystal in 

cholesteric order has a fu>sitive dielectric anisotropy, it can be 
reoriented vertically into a homeotropic state by an electric field (E- 
field). In this case, state "A" of the host LC refers to planar, and state 
"B" to homeotropic: while state "A^^;' and "B^^^" of the CLC pigments 
20 refers io parallel axyd perpendicular to the cell surface, respectively. 
Thus the panel can be switched from polarizing reflection to 
transparent state. Varying the strength of the E-field can change the 
final reflectivity of the panel. It should be pointed out that rubbed 
polyimide is not the only choice for surface treatment. Other 
25 techniques are applicable, such as oblique deposition of SiOx, UV 

alignable layers, etc. In some cases, no alignment layer is required. 
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Vertical-To-Parallel Configuration (Case D 

In this configuration, the cell is constructed so that the host 
nematic liquid crystal adopts a spontaneous alignment in 
homeotropic state. The ITO substrate is coated with an alignment 
5 agent favorable for such an alignment. No mechanical rubbing is 

necessary. If the host liquid crystal has a negative dielectric 
anisotropy, it can be reoriented into a homogeneous state by an 
^electric field (E-field). In this case, state "A" of the host LC refers to 
homeotropic, and state ''B" to homogeneous; while state "A^^^" and 
1 0 "^c7c CLC pigments refer to perpendicular and parallel to the 

cell surface, respectively. Thus the panel can be switched from 
transparent to polarizing reflection state. Varying the strength of the 
E-field can change the final reflectivity of the panel. 

1 5 Vertical-To-Parallel Configuration (Case ID 

In this configuration, the cell is constructed so that the host low 
molecular weight (LMW) c ho lesteric liquid crystal adopts a 
spontaneous alignment in homeotropic state. The pitch of the LMW 
CLC can be tuned either inside or outside of the CLC pigment 

2 0 reflection spectral region. The ITO substrate is coated with an 

alignment agent favorable for homeotropic alignment. If the host 
liquid crystal in cholesteric order has a negative dielectric anisotropy, 
it can be reoriented into a planar state by an electric field (E-field). 
In this case, state "A" of the host LC refers io homeotropic, and state 
2 5 "B" to planar; while state "A^^^" and "B^^^" of the CLC pigments refers 

to perpendicular and parallel to the cell surface, respectively. Thus 
the panel can be switched from transparent to polarizing reflection 
state. Varying the strength of the E-field can change the final 
reflectivity of the panel. 
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FPSLC With Polymer Network 

In this preferred configuration, the cell is constructed so that the 
host low molecular weight (LMW) liquid crystal in cholesteric order 
contains a small amount of polymer network which is formed by UV 
polymerizing a polymer material mixed inside the LMW LC in 
absence of any field. The purpose of introducing the polymer 
network is to realize a bistable state, i.e., weak scattering state and 
high reflection state of the panel and, possibly, improving the 
reflectivity. The polymer network helps^ to better confine CLC flakes 
in a preferred orientation, for example, a parallel orientation. The 
host liquid crystal can adopt either an ECB or TN or STN or cholesteric 
order. The ITO substrate is coated with a polyimide favorable for a 
homogeneous alignment. If the host liquid crystal in cholesteric 
order has a positive dielectric anisotropy, it can be reoriented from 
planar to homeotropic state by an electric field (E-field). In this case, 
state "A" of the host LC refers to homogeneous, and state "B" to 
homeotropic; while statV "A^^;' and "B,,^" of the CLC pigments refers 
io par allei^nd perpendicular to the cell surface, respectively. Thus 
the panel can be switched from polarizing reflection to semi-or total 
transparent state. Varying the strength of the E-field can change the 
final reflectivity of the panel. Another important feature of this 
polymer stabilized FPSLC configuration is that a reflection and 
scattering mixed mode can be realized by properly controlling 
polymer density and applied voltage, similar to the conventional 
polymer stabilized cholesteric texture (PSCT). 

FPSLC_WithSurface Stabil ization Func tion 

In this preferred configuration, the cell is constructed so that the 
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host low molecular weight (LMW) liquid crystal in cholesteric order 
is surface stabilized which exhibits also a bistable state, i.e., weak 
scattering state and relatively high reflective state. This texture 
helps to better confine CLC flakes in a preferred orientation, for 
5 example, a parallel orientation. The ITO substrate is coated with a 

poly imide favorable for a homogeneous alignment. If the host liquid 
crystal in cholesteric order has a positive dielectric anisotropy, it can 
be reoriented from planar to homeotropic state by an electric field 
(E-field). In this case, state "A" of the host LC refers to homogeneous, 

1 0 and state "B" to homeotropic; while state "A^^^" and '"B^^^" of the CLC 

pigments refers to parallel and perpendicular to the cell surface, 
respectively. Thus the panel can be sv^itched from polarizing 
reflection to semi-or total transparent state. Varying the strength of 
the E-field can change the final reflectivity of the panel. Another 

1 5 important feature of this surface-stabilized FPSLC configuration is 

that a reflection and scattering mixed mode can be realized by 
properly controlling polymer density and applied voltage, similar to 
the conventional polymer stabilized cholesteric texture (PSCT). 

Each of the cell configurations described above can be used to 

20 build a switchable (super) broadband FPSLC panel w^hich is 

electrically switchable from reflection state to transparent state, or 
vice versa. The reflected Tight is polarized and can cover a broad 
spectral bandpass, such as the entire visible region. Ideally, in a 
perfect reflection state, 50% of the incident light is reflected into one 

25 polarization state and another 50% is transmitted in other 

polarization state. However, when switched into the total 
transmission mode, the panel passes 100% of the incident light. 
Varying the strength of the E-field can change the final reflectivity 
between 0% and 50% (equivalently, the transmittance can be varied 



73 



wo 98/38547 



PCTAJS98/03688 



between 50% to 100%). 

The electrically-switchable FPSLC-based structures described 
above can be used to realize the electrically-switchable circularly 
polarizing panels employed in the systems shown in Figs. 10 and 12 
hereof. In such electro-optical glazing structures, the particular 
compositions used to created the FPSLC material will vary in order to 
provide the required polarization reflective functions. For example, 
when making broad-band LHCP panels 22A and 22B, left-handed 
c BBCLC microflakes should be added to the LMW liquid crystal carrier 
fluid of the FPSLC mixture thereof. When making broad-band RHCP 
panels 25 A and 25B, right-handed BBCLC microflakes should be 
added to the LMW liquid crystal carrier fluid of the FPSLC mixture 
thereof. When making RHCP panels 25A and 25B having spectrally- 
tuned reflection characteristics, right-handed BBCLC microflakes with 
narrow-band reflection characteristics should be added to the LMW 
liquid crystal carrier fluid of the FPSLC mixture thereof. For 
example, five color CLC microflakes (i.e. pigments) can be added into 
the LMW liquid crystal carrier fluid in order to cover the visible 
band. It is understood, various combinations of left and right handed 
CLC microflakes (having super broad-band, broad-band and/or 
narrow-band polarization reflection characteristics) can be added to 
the LMW liquid crystal carrier fluid in order to produce electrically- 
switchable circularly polarizing glazing structures having diverse 
polarization reflection characteristics adapted to meet any application 
imaginable. 
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Additional Embodiments Of The Electro-Optical Glazing Structure Of 
The Present Invention 

Many more embodiments of the electro-optical glazing structure 
of the present invention can be provided by combining the above- 
described embodiments so provide systems and devices having 
transmission and reflection modes of operation. 

In particular, the illustrative embodiments of the invention 
disclosed in Figs. 2 through 9B and Figs. 14 through 15B, in 
particular, can be readily combined with other structures to provide 
additional embodiments of the present invention. For simplicity of 
explanation, the embodiments described hereinabove are generalized 
in Figs. 21 through 23F. 

In paricular. Figs. 21 through 21 F provide a generalized 
description of the illustrative embodiments disclosed in Figs. 6 and 8, 
wherein the electrically-passive broad-band polarizing layers have 
different handedness in both the circularly polarizing (RHCP/LHCP) 
and linearly polarizing (LP1/LP2) system configurations. Figs, 22 
through 22F provide a generalized description of the illustrative 
embodiments disclosed in Figs. 2 and 4, wherein the electrically- 
passive broad-band polarizing layers have the same handedness in 
both the circularly polarizing (LHCP/LHCP or RHCP/RHCP) and 
linearly polarizing (LPl/LPl or LP2/LP2) system configurations. 
Before describing these additional embodiments of the electro-optical 
glazing structure hereof, the operation of these two generalized 
embodiments of the present invention will be briefly summarized. 
Likewise, Figs. 23 through 23F provide a generalized description of 
the illustrative embodiment disclosed in Figs. 14 through 15B, 
wherein the electrically-active broad-band polarizing layers have a 
different handedness in the circularly polarizing (LHCP/LHCP or 
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RHCP/RHCP) system configurations, and there is no otpically active 
element disposed between the electrically-active polarizing layers. 

Before describing additional embodiments of the electro-optical 
glazing structure hereof which can be based on the above-indentified 
embodiments, it will be helpful to briefly summarize the structure 
and function of these embodiments hereinbelow in a more 
generalized manner to more clearly appreciate the various aspects of 
the present invention. 

In Fig. 21 A, the electro-optical glazing structure of Fig. 21 is 
shown operated in its partial-reflection/transmission mode, wherein 
no external voltage (i.e. V=V^ff) is applied to the n phase shifter. In 
Figs. 21 B and 21C, transmission and reflection characteristics for this 
mode of operation are shown, respectively. In Fig. 21D, the electro- 
optical light glazing structure of Fig. 21 is shown operated in its total- 
reflection mode, wherein an external voltage V (i.e. W=V^^) is applied 

to the K phase shifter. In Figs. 2 IE and 2 IF, transmission and 

reflection characteristics for this mode of operation are shown, 
respectively. 

In Fig. 22A, the electro-optical glazing structure of Fig. 22 is 
shown operated in its total-reflection mode, wherein no external 
voltage (i.e. Yz^Y^^^) is applied to the k phase shifter. In Figs. 22B and 
22C, transmission and reflection characteristics for this mode of 
operation are shown, respectively. In Fig. 22D, the electro-optical 
light glazing structure of Fig. 22 is shown operated in its partial- 
reflection/transmission mode, wherein an external voltage V (i.e. 
V = Vqj^) is applied to the n phase shifter. In Figs. 22E and 22F, 

transmission and reflection characteristics for this mode of operation 
are shown, respectively. 

In Fig. 23A, the electro-optical glazing structure of Fig. 23 is 
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shown operated in its total-reflection mode, wherein no external 
voltage (i.e. V-V^^j-) is applied to the k phase shifter. In Figs. 23B and 

23C, transmission and reflection characteristics for this mode of 
operation are shown, respectively. In Fig. 23D, the electro-optical 
5 light glazing structure of Fig. 23 is shown operated in its total- 

transmission mode, wherein an external voltage V (i.e. V=W is 

applied to the tt; phase shifter. In Figs. 23E and 23F, transmission and 
reflection characteristics for this mode of operation are shown, 
respectively. 

10 In Fig. 24, an other illustrative embodiment of the electro-optical 

glazing structure of the present invention is shown comprising: a first 
electrically-passive broadband IR reflective polarizing panel for 
reflecting incident LHCP light within the broad IR band, and 
transmitting all other components of light; a second electrically- 

1 5 passive broadband IR reflective polarizing panel, laminated or 

mounted to the first IR reflective polarizing panel, for reflecting 
incident RHCP light within the broad IR band, and transmitting all 
other components of light. The resulting IR filter structure is 
mounted or affixed to an electrically-controlled light scattering panel, 
20 for selectively scattering light over the visible band (when no 

external voltage is applied) so as to render the resulting glazing 
structure opaque to provide privacy behind the window structure 
into which is installed. While circularly polarizing reflectors of the 
type taught in Internaational Publication No WO/97/16762 by Reveo, 

2 5 Inc., incorporated herein by reference, can be used to realize the 

broad-band IR circularly-polarizing panels of this structure, it is 
understood that broad-band IR polarizers whibh reflect linearly 
polarized light, as taught in International Application No. 
PCT/US97/20091 by Reveo, Inc., incorporated herein by reference, 
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may also well be used to realize such linearly polarizing IR panels. 
Alternatively, such broadband IR reflecting panels may be made 
from multilayer polymer layers as disclosed in US Patent No. 
5,686,979, incorporated herein by reference, and as taught elsewhere 
in the prior art. The electrically-controlled light scattering panel 
employed in the glazing structure of Fig. 24 can be realized by any 
one of the electrically-controlled light scattering panels disclosed in 
Figs. 17A through 20F, described in detail hereinbelow. 

In Fig. 24A, the electro-optical glazing structure of Fig. 24 is 
shown operated in scattering mode, wherein no external voltage (i.e. 
'^='^off) is applied to the electrically-controlled scattering panel. In 
Figs. 24B and 24C, transmission and reflection characteristics for this 
mode of operation are shown, respectively. During this state 
operation, the composite broad-band IR structure totally reflects 
incident IR radation providing excellent thermal insulation to the 
glazing structure, while the electrically-controlled scattering panel 
renders the glazing structure optically opaque over the visible-band 
of the spectrum. In Fig. 24D, the electro-optical light glazing 
structure of Fig. 24 is shown operated in its total-transmission mode, 
wherein an external voltage V (i.e. V=V^„) is applied to electrically- 
controlled light scattering panel. In Figs. 24E and 24F, transmission 
and reflection characteristics for this mode of operation are shown, 
respectively. During this state operation, the composite broad-band 
IR structure totally reflects incident IR radation providing excellent 
thermal insulation to the glazing structure, while the electrically- 
controlled scattering panel renders the glazing structure optically 
transparent over the visible-band of the spectrum enabling viewing 
through the glazing structure in bi-directional manner. 

In Fig. 25, an other illustrative embodiment of the electro-optical 
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glazing structure of the present invention is shown. This is the 
reverse mode of the electro-optical glazing structure shown in Fig. 
24. As shown, this glazing structure comprises: a first electrically- 
passive broadband IR reflective polarizing panel for reflecting 
incident LHCP light within the broad IR band, and transmitting all 
other componcnls of light; a second electrically-passive broadband IR 
reflective polarizing panel, laminated or mounted to the first IR 
reflective polarizing panel, for reflecting incident RHCP light within 
the broad IR band, and transmitting all other components of light. As 
shown, the resulting IR filter structure is mounted or affixed to an 
electrically-conirollcd lighi scattering panel, for selectively scattering 
light over the visible band (when an external voltage is applied) so as 
to render the rcsnlturj -lazing structure opaque to provide privacy 
behind the window sinuturc into which is installed. While circularly 
polarizing reflectors i\w type taught in Internaational Publication 
No WO/97/16762 b\ Kcvco, Inc., incorporated herein by reference, 
can be used to rcali/c the broad-band IR circularly-polarizing panels 
of this structure, it is understood that broad-band IR polarizers 
which reflect lincarlv polarized light, as taught in PCT Application No. 
PCT/US97/20091 by Rcvco, Inc., incorporated herein by reference, 
may also well be used to realize such linearly polarizing IR panels. 
Alternatively, such broadband IR reflecting panels may be made 
from multilayer polymer layers as are know in the art. 
Alternatively, such broadband IR reflecting panels may be made 
from multilayer polymer layers as disclosed in US Patent No. 
5,686,979, incorporated herein by reference, and as taught elsewhere 
in the prior art. The electrically-controlled light scattering panel 
employed in the glazing structure of Fig. 24 can be realized by any 
one of the electrically-controlled light scattering panels disclosed in 
Figs. 17 A through 20F, described in detail hereinbelow. 



. >VO 98/38547 



PCT/US98/03688 



In Fig. 25A, the electro-optical glazing structure of Fig. 25 is 
shown operated in its light transmission mode, wherein no external 
voltage (i.e. V=V^^^) is applied to the electrically-controlled scattering 
panel. In Figs. 25B and 25C, transmission and reflection 
5 characteristics for this mode of operation are shown, respectively. 

During this state operation, the composite broad-band IR structure 
totally reflects incident IR radation providing excellent thermal 
insulation to the glazing structure, while the electrically-controlled 
scattering panel renders the glazing structure substantially 
1 0 transparent over the visible-band of the spectrum. In Fig. 25D, the 

electro-optical light glazing structure of Fig. 24 is shown operated in 
its light scattering mode, wherein an external voltage V (i.e. y=W^^^) is 

applied to electrically-controlled light scattering panel. In Figs. 25E 
and 25F, transmission and reflection characteristics for this mode of 

1 5 operation are shown, respectively. During this state operation, the 

composite broad-band IR structure totally reflects incident IR 
radation providing excellent thermal insulation to the glazing 
structure, while the electrically-controlled scattering panel renders 
the glazing structure optically opaque over the visible-band of the 
20 spectrum preventing viewing through the glazing structure. 

In Fig. 26, another embodiment of the electro-optical glazing 
structure of the present invention is disclosed. As shown, this 
electro-optical structure is constructed by adding the broad-band IR 
filter panel shown in Figs. 24 and 25, to the electro-optical glazing 

2 5 structure shown in Fig. 22 wherein the broadband polarizing panels 

are each of the same handedness (e.g. RHCP/RHCP or LPl/LPl). 

In Fig. 26A, the electro-optical glazing structure of Fig. 26 is 
shown operated in its total-transmission mode, wherein no external 
voltage (i.e. Vr^V^^f) is applied to the n phase shifting panel disposed 
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between the pair of broadband polarizing reflective panels thereof. 
In Figs. 26B and 26C, transmission and reflection characteristics for 
this mode of operation are shown, respectively. During this state 
operation, the composite broadband IR filter structure totally reflects 
5 incident IR radation providing excellent thermal insulation to the 

glazing structure, while the electro-optical glazing substructure 
(shown individually in Fig. 22) totally-reflects over the visible band 
in order to render the glazing structure substantially transparent 
over the visible-band of the spectrum. In Fig. 26D, the electro- 

10 optical light glazing structure of Fig. 26 is shown operated in its 

partial-reflection/transmission mode, wherein an external voltage V 
(i.e. V=Vqj^) is applied to the k phase shifting panel disposed between 
the pair of broadband polarizing reflective panels thereof. In Figs. 
26E and 26F, transmission and reflection characteristics for this mode 

15 of operation are shown, respectively. During this state operation, the 

composite broad-band IR filter structure totally reflects incident IR 
radation providing excellent thermal insulation to the glazing 
structure, while the electro-optical glazing substructure (shown 
individually in Fig. 22) renders the glazing structure optically opaque 

20 over the visible-band of the spectrum preventing viewing through 

the glazing structure. 

In Fig. 27, another embodiment of the electro-optical- glazing 
structure of the present invention is disclosed which is operates in 
the "reverse" mode of the glazing structure of Fig. 26, described 

25 above. As shown in Fig. 27, this electro-optical structure is 

constructed by adding the broad-band IR filter panel shown in Figs. 
24 and 25, to the electro-optical glazing structure shown in Fig. 2 1 
wherein the broadband polarizing panels are each of different 
handedness (e.g. RHCP/LHCP or LP1/LP2). 
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In Fig. 27A, the electro-optical glazing structure of Fig. 27 is 
shown operated in its partial-reflection/transmission mode, wherein 
no external voltage (i.e. V=y^^^) is applied to the n phase shifting 
panel disposed between the pair of broadband polarizing reflective 
panels thereof. In Figs. 27B and 27C, transmission and reflection 
characteristics for this mode of operation are, shown, respectively. 
During this state operation, the composite broadband IR filter 
structure totally reflects incident IR radation providing excellent 
thermal insulation to the glazing structure, while the electro-optical 
glazing substructure (shown individually in Fig. 21) partially-reflects 
and partially-iransmitts «»vcr the visible band in order to render the 
glazing structure senii-opaquc over the visible-band of the spectrum. 
In Fig. 27D, the clcciro-«»piical light glazing structure of Fig. 27 is 
shown operated in its total-reflection mode, wherein an external 
voltage V (i.e. \ =\\,„» is applied to the n phase shifting panel 
disposed between the pair of broadband polarizing reflective panels 
thereof. In Figs. 27E and 27F, transmission and reflection 
characteristics for thi^ mode of operation are shown, respectively. 
During this stale operation, the composite broad-band IR filter 
structure totally reflects incident IR radation providing excellent 
thermal insulation to the glazing structure, while the electro-optical 
glazing substructure (shown individually in Fig. 21) renders the 
glazing structure optically opaque over the visible-band of the 
spectrum preventing viewing through the glazing structure. 

In Fig. 28, another embodiment of the electro-optical glazing 
structure of the present invention is disclosed. As shown, this 
electro-optical structure is constructed by adding the broad-band IR 
filter panel shown in Figs. 24 and 25, to the electro-optical glazing 
structure shown in Fig. 23, wherein the electrically-active broadband 
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polarizing panels thereof are each of different handedness (i.e. 
RHCP/LHCP). 

In Fig. 28A, the electro-optical glazing structure of Fig. 28 is 
shown operated in its total-reflection mode, wherein no external 
voltage (i.e. V=V^^f) is applied to the electrically-active circularly- 
polarizing reflective panels thereof. In Figs. 28B and 28C, 
transmission and reflection characteristics for this mode of operation 
arc shown, respectively. During this state operation, the composite 
broadband IR filter structure totally reflects incident IR radation 
providing excellent thermal insulation to the glazing structure, while 
the electro-optical glazing substructure (shown individually in Fig. 

21) totally-reflects over the visible band in order to render the 
glazing structure optically opaque over the visible-band of the 
spectrum. In Fig. 28D, the electro-optical light glazing structure of 
Fig. 26 is shown operated in its total-transmission mode, wherein an 
external voltage V (i.e. W=W^^) is applied to the electrically-active 

circularly-polarizing reflective panels thereof. In Figs. 28E and 28F, 
transmission and reflection characteristics for this mode of operation 
are shown, respectively. During this state operation, the composite 
broad-band IR filter structure totally reflects incident IR radation 
providing excellent thermal insulation to the glazing structure, while 
the electro-optical glazing substructure (shown individually in Fig. 

22) renders the glazing structure optically transparent over the 
visible-band of the spectrum. 

Figs. 29 A through 29C show a broad-band reflector for use in 
constructing broad-band circularly (and linearly) polarizing reflective 
panels employed in any one of embodiments of the electro-optical 
glazing panel hereof. 

Fig. 29A shows a multilayer extruded polymer layer comprising a 
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number of pairs of layers. Each layer of a pair has a different index 
of refraction from the other layer of the pair. The various layers are 
of the order of a quarter wavelength of light, so than the electric field 
of the light reflecting from the layer boundaries adds in phase with 
light reflecting from other boundaries to increase reflection in a well 
known manner. 

Fig. 29B shows the prior art distribution of the layer thicknesses. 
The thickness of the layers does not change with depth, changes in 
stepwise fashion, or changes in a linear fashion. Fig. 29C shows a 
non-linear change in the thickness of the layers with depth. As 
taught in International Publication No. WO/97/16762 by Reveo, Inc., 
a non linearly varying pitch is necessary for efficient broad band 
reflection from cholesteric liquid crystal material. The non-linearly 
varying pitch shown in Fig. 29C allows much broader range of 
reflectivity than the prior art pitch variations of Fig. 29B for the 
multilayer reflectors. In the case that the two polymer layers shown 
in Fig. 29 A arc layers of at least one birefringent material where the 
index of refraction for a first linear polarization is changed from one 
material to the next, but where the index of refraction for a second 
linear polarization perpendicular to the first is the same from one 
material to the next, the structure shown in Fig. 29A will reflect light 
of the first polarization, and transmit light of the second polarization. 
The non-linearly varying pitch shown by Fig. 29C ensures broad 
band operation of the device without interference effects at shorter 
wavelengths which plague the step function distribution attempt at 
broadband operation of the prior art. 

Broad band IR reflectors made from the multilayer extruded 
polymer material shown in Fig. 29A may be added to the panels of 
the invention to add IR reflectivity to the control of visible light. 
Multilayer linear polarizers may be used in the panels of the 
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invention instead of CLC materials for controlling the light. 



Additional Embodiments Of The Electro-Optical Glazing Structure of 
The Present Invention 

Each of illustrative embodiments of electro-optical glazing panel 
hereof described hereinabove can be combined in various ways in 
order to provide intelligent glazing structures capable of controlling 
light transmission therethrough in any number of radiation bands. 
For example, transmission in the IR band may be allou^ed in the 
winter in the daylight, and at night the IR light may be reflected to 
save heating energy. In summer, however,- IR light may be allowed 
to escape from the window structure, while visible radiation is 
reflected to insure privacy. 

While the intelligent glazing structures of the invention taught 
hereinabove allow a very large part of the visible spectrum to be 
substantially totally reflected, some of these embodiments may, in 
practice, transmit some radiation, especially at large angles measured 
with respect to a projection axis normal to the glazing structure, or 
allow a very small amount of light to leak from a brightly lit room at 
night, to the dark outside. Consequently, such undesired light 
transmission in such instances may compromise the level of privacy 
demanded by particular users in diverse lighting environments. 
Therefore, there is a great need for a way to further improve the 
above-described electro-optical glazing structures of the present 
invention in a simple yet effective manner. 

In accordance with another aspect of the present invention, this 
problem of undesired, partial light transmission can be solved, in 
instances where it arises, by embodying each electro-optical glazing 
structure of the present invention with an additional structure that is 
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capable of controlling (e.g. reflecting or scattering) light incident 
thereon so as to either block the transmission of such light by 
reflection, or obscure it by scattering. In principle, such objectives 
can be achieved using a variety of different types of electro-optical 
5 structures well known in the art for different purposes, unrelated to 

the above-described problem at hand. The improved electro-optical 
glazing structures can be formed by mounting or incorporting such 
electrically-controllable structures to any of the above-described 
electro-optical glazing structures. In principle, such alternative 
10 embodiments of the present invention should solve the problems 

associated with partial light transmission during reflection modes of 
operation of the panel, thereby ensuring the desired level of privacy 
demanded by its user in diverse environments. Several different 
embodiments of the light controlling (reflecting or scattering) 

1 5 structure are described hereinbelow. 

In Figs. 17A and 17B, a first illustrative embodiment of the 
electrically-controllable light scattering structure is shown in the 
form of an ultra-thin panel comprising a polymer dispersed liquid 
crystal (PDLC) material 173 contained between a pair of spaced-apart 

2 0 transparent electrically conducting layers 174 and 175 (e.g. ITO). 

The PDLC material comprises a polymer material with regions 176 of 
liquid crystal material formed into small spheres of micron or 
submicron dimension. As illustrated in Fig. 17A, the molecules of the 
liquid crystal material (depicted as short lines) are correlated by the 

25 internal forces in the liquid crystal to have internal order, which may 

random in a predetermined state of the panel. 

In Fig. 17A, PDLC panel 172 is shown operated in its scattering 
state, wherein light rays 171 incident on a layer 172 are scattered by 
the liquid crystal molecules ordered therein. During this state, light 

30 propagating through the polymer material 173 strikes the sphere of 
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liquid crystal material 176, and will in general refract at the polymer 
liquid crystal interface because there will generally be a change in 
the index of refraction of the (randomly ordered) liquid crystal 
material and the polymer material. The layer 172 will then scatter 
light passing through. The light rays traced in Fig. 17A are shown 
transmitted through the layer 172, which would be the case for very 
light loading of liquid crystal material in the polymer. In the more 
general case, light incident on the panel would be as likely scattered 
backward as forward, and would likely be scattered isotropically in 
all directions. 

In Fig. 17B, the PDLC panel 172 is shown operated in its 
transmission state, wherein an electric field is applied across the 
layer 172 by applying voltage across the conducting layers 174 and 
175. In this state of operation, the electric field forces the liquid 
crystal molecules in each sphere to line up parallel with the field, 
causing the index of refraction of the liquid crystal material to match 
the index of the polymer material, thereby enabling the light rays 
pass through the layer 172 without deviation or scattering. 

In Figs. 18A and 18C, a second illustrative embodiment of the 
electrically-controllable light scattering structure 182 is shown in the 
form of a thin panel comprising a liquid crystal polymer material 183 
contained between a pair of spaced-apart transparent electrically 
conducting layers 174 and 175 (e.g. ITO) having surfaces that have 
been either rubbed or coated with a molecular aligning layer such as 
polyamide, well known in the CLC art. In this embodiment, the liquid 
crystal material 183 is admixed with a polymer material, but unlike 
the embodiment shown in Figs. 17A and 17B, the resultant material 
does not phase segregate. Instead, the linear liquid crystal molecules 
remain entangled in the polymer material. 

In Fig 18A, the electro-optical light scattering structurel82 is 
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shown operated in its reflection mode, wherein the crystal molecules 
(depicted as short lines) are lined up parallel with the conducting 
plates 174 and 175 because, for example, the surfaces of the plates 
have been rubbed, causing the molecules to become internally 
ordered (e.g. aligned) such that incident light on the layer 183 is 
reflected as shown. This molecular ordering can be thought of as a 
"relaxed ordering" when no external electrical' force field is applied 
thereto. 

In Fig. 18B, the electro-optical light scattering structurel82 is 
shown operated in its reflection mode, wherein an electric field is 
impressed across the layer 183 by applyin a voltage across layers 
174 and 175. In this state of operation, the molecules rotate to line 
up parallel to the field and light, propagating parallel to the field, is 
transmitted through the layer 183 without scattering, reflection, or 
absorption. When the electric field is removed by disruption the 
applied voltage source, the polymer acts as restoring force to rotate 
the molecules back to their starting relaxed ordering as shown in Fig. 
18A. 

In Fig. 18C, a third illustrative embodiment of the electrically- 
controllable light scattering structure 182 is shown comprising liquid 
crystal polymer material 183 contained between a pair of spaced- 
apart transparent electrically conducting layers 174 and 175 (e.g. 
ITO) having surfaces that have not been rubbed or coated with a 
molecular aligning layer such as polyamide, as in the embodiment of 
Figs. 18A and 18B. Thus there is no internal order imposed on the 
liquid crystal material by rubbed bounding surfaces or layers, as in 
the structure of Figs. 18A and 18B. In Fig. 18C, the electro-optical 
light scattering structurel82 is shown operated in its scattering 
mode, wherein there is no internal ordering created by rubbed 
-surfaces or polyamide layers, or an electric field created by an 
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externally applied voltage. In this mode of operation, the liquid 
crystal material naturally tends towards lowering its internal energy 
by having near neighbor molecules align with one another, but there 
is no long range order. Thus the regions of material now scatter light 
randomly and, without the application an electric field, the light 
incident on the layer 184 is scattered. When an electric field is 
impressed across the panel of Fig. 18C, the molecules therebetween 
swing around to line up with the applied electric field, enabling 
incident light to be transmitted through the panel 182 without 
scattering in a manner similar to that shown in Fig. 18B. This is the 
transmission mode of operation of the electrically-controllable light 
scattering device. 

In Fig. 19, fourth illustrative embodiment for an electro-optical 
light scattering structure (i.e. panel) is shown comprising an isotropic 
scattering material, such as a liquid crystal polymer, contained 
between a pair of transparent glass panels. Each of these plates has 
an ITO coating upon the glass plate surface, electrical terminals 
connected thereto, and a polyamide layer applied upon the ITO layer. 
Alternatively, the ITO surfaces can be rubbed for intiating molecular 
alignment in lieu of the ITO layers. 

In Fig. 19A, the electro-optical light scattering structure of Fig. 1 9 
is shown operated in its transmission mode, wherein no external 
voltage is applied (i.e. V=W^^^), In Figs. 19B and 19C, transmission 
and reflection characteristics for this mode of operation are shown, 
respectively. In Fig. 19D, the electro-optical light scattering structure 
of Fig. 19 is shown operated in its light scattering mode, wherein an 
external voltage Vis applied across the ITO surfaces (i.e. V=Vqj^). In 
Figs. 19E and 19F, transmission and reflection characteristics for this 
mode of operation are shown, respectively. As light is transmitted 
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when no external voltage is applied, and scatters when a voltage is 
applied, this structure is said to operate in the "reverse mode". 

In Fig. 20, a fifth illustrative embodiment for an electrically- 
controllable light scattering structure is shown comprising an 
isotropic scattering material, such as a liquid crystal polymer (made 
using a different polymer mixing ratio than used in Fig. 19), 
contained between a pair of transparent glass panels. Each of the 
plates has an ITO coating upon the glass plate surface and an 
electrical terminal connected thereto, but is not rubbed or coated 
with a polyamide or like layer to ensure that there is no high order 
molecular alignment when no external field is applied. 

In Fig. 20A, the electro-optical light scattering structure of Fig. 2 0 
is shown operated in its scattering mode, wherein no external voltage 
is applied (i.e. V=V^ff). In Figs. 20B and 20C, transmission and 
reflection characteristics for this mode of operation are shown, 
respectively. In Fig. 20D, the electro-optical light scattering structure 
of Fig. 20 is shown operated in its light transmission mode, wherein 
an external voltage V is applied across the ITO surfaces (i.e V=V ^ 
In Figs. 20E and 20F, transmission and reflection characteristics for 
this mode of operation are shown, respectively. As light is 
transmitted when an external voltage is applied, and scatters when a 
voltage is no applied, this structure is said to operate in the "normal 
mode". 

Such alternative embodiments of the present invention will be 
particularly useful when a room is brightly lit at night, and a very 
small amount of light leaking from the inside to the dark outside may 
compromise privacy. 

Having described such alternative embodiments of the present 
invention, further modifications thereto readily come to mind. 
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For example, the electro-optical glazing structures described 
above can be stacked and laminated together, in virtually any 
number or ordering, so as form composite electro-optical glazing 
structures having more than two optical states (e.g. four or more). 
Such electro-optical glazing structures can be used to construct 
sophisticated window systems capable of providing complex levels of 
solar and/or visible radiation control. 

Electrically controlled CLC-based smart windows of the present 
invention can be used in homes, schools, offices, factories, as well as 
in automobiles and airplanes to provide privacy, brightness control, 
and reduce thermal loatling on heating and cooling systems employed 
therein. 

The elecirt»-<>piical glazings of the present invention can be 
used to make mtcllpjcni sunglasses and sun visors for use in a 
variety of applicainms In such embodiments of the present 
invention, the cicciro-opiical glazing of the present invention is 
realized in the form ol a pair of lenses which are mounted within a 
frame supportable upon the head of its user, as in conventional 
eyeglasses or sun-visors. The programmed microcontroller, battery, 
electromagnetic dciecior, battery recharging circuitry and optical 
state switching circuitry embodied within the window frame shown 
in Figs. lA and 12B can be reduced in size and embodied within the 
ultra-compact sunglasses frame of this illustrative embodiment of 
the present invention. 

In yet another alternative embodiment of the present 
invention, the electro-optical glazing structures of the present 
invention can be mounted before each LCD viewing panel within the 
shutter-type stereoscopic 3-D viewing glasses taught in International 
Publication No. WO 97/43681 by VRex, Inc., a wholly owned 
subsidary of Reveo, Inc., which is incorporated herein by reference in 
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its entirety. Advantageously, the aDnliminn »u 

o y, uie application of the present invention 

thereco would provide stereoscopic 3-D viewing glasses having 
several addit,onal modes of operation, wherein the user could simply 
control electromagnetic radiation in either a manual or automatic 
manner during stereoscopic 3-D viewing or monoscopic 2-D viewing 
of displayed images (i.e. virtual world viewing), or stereoscopic 
Vicwtng of real world objects while walking, bicycling, jogging, 
sailmg, or just lounging about in the rays of the Sun. 

The electro-optical glazings of the present invention can be used 
m automotive vehicles, maritime vessels, aircrafts and spacecrafts. 

The modifications described above are merely exemplary. It is 
understood that other modifications to the illustrative embodiments 
will readily occur to persons with ordinary skill in the art. All such 
modifications and variations are deemed to be within the scope and 
spirit of the present invention as defined by the accompanying 
Claims to Invention. 
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1. An electro-optical glazing structure having reflection and 
transmission modes of operation for selectively reflecting and 
5 transmitting electromagnetic radiation, respectively, said electro-optical 
glazing structure comprising: 

an electro-optical glazing panel of laminated construction, 
having first and second optical states of operation; and 

optical state switching means for switching said electro-optical 
1 0 glazing panel to said first optical state of operation in order to induce 
said electro-optical glazing structure into said reflection mode of 
operation, and for switching said electro-optical glazing panel to said 
second optical state of operation in order to induce said electro-optical 
glazing structure into said transmission mode of operation. 

1 5 

2. The electro-optical glazing structure of claim 1, wherein said 
electro-optical glazing panel comprises: 

a first electrically-passive cholesteric liquid crystal (CLC) 
electromagnetic radiation polarizing panel; 
20 a second electrically-passive CLC electromagnetic radiation 

polarizing panel; 

and ^ 
an electrically-active jr-phase retardation panel interposed 

between said first and second electrically-passive CLC electromagnetic 

2 5 radiation polarizing panels. 

3. The electro-optical glazing structure of claim 2, wherein said first 
and second electrically-passive CLC electromagnetic radiation polarizing 
panels reflect electromagnetic radiation having a first circularly 
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polarized state when said electro-optical glazing panel is switched to 
said first optical state of operation, 

wherein said first and second electrically-passive CLC 
electromagnetic radiation polarizing panels transmit electromagnetic 
5 radiation having a second circularly polarized state when said 

electro-optical gla/ing panel is switched to said first optical state of 
operation; and 

wherein said first and second electrically-passive CLC 
electromagnetic radiation polarizing panels reflect or transmit without 

1 0 absorption electromagnetic radiation having either said first state or 

said second stale when said electro-optical glazing panel is switched 
to said second optical state of operation. 

4. The electro-optical gla/ing structure of claim 1, wherein said 
1 5 electro-optical ghi/ing panel comprises: 

a first elecirically-aciive cholesteric liquid crystal (CLC) 
electromagnetic radiation polarizing panel; 

a second electrically-active CLC electromagnetic radiation 
polarizing panel; and 

2 0 an electrically-passive 7i-phase retardation panel interposed 

between said first and second electrically-active CLC electromagnetic 
radiation polarizing panels, 

5. The electro-optical glazing structure of claim 4, wherein said first 
2 5 and second electrically-active CLC electromagnetic radiation polarizing 

panels reflect electromagnetic radiation having a first circularly 
polarized state when said electro-optical glazing panel 
is switched to said first optical state of operation, wherein said first and 
second electrically-active CLC electromagnetic radiation polarizing 
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panels transmit electromagnetic radiation having either 
a right hand a second circularly polarized state and/or a wavelength 
outside said first prespecified bandwidth when said electro-optical 
glazing panel is switched to said first optical state of operation; and 
5 wherein said first and second electrically-active CLC 

electromagnetic radiation polarizing panels transmit electromagnetic 
radiation having either said first state or said second state when 
said electro-optical glazing panel is switched to said second optical state 
of operation. 

1 0 

6. The electro-optical glazing structure of claim 1, wherein said 
electro-optical glazing panel comprises: 

first and a second electrically passive single layer electromagnetic 
radiation polarizing panels; and 
15 an electrically-active 7c-phase retardation panel interposed 

between said first and second electrically-passive electromagnetic 
radiation polarizing panels. 

7. The electro-optical glazing structure of claim 1, wherein said 

2 0 electro-optical glazing panel comprises: 

a first electrically-active cholesteric liquid crystal (CLC) 
electromagnetic radiation polarizing panel; and 

a second electrically-active CLC electromagnetic radiation 
polarizing panel adjacent said first electrically-active CLC 
2 5 electromagnetic radiation polarizing panel. 

8. The electro-optical glazing structure of claim 7, 

wherein said first electrically-active CLC electromagnetic radiation 



95 



jNSDOCID; <WO 9B38547A1 I > 



wo 98/38547 PCT/US98/03688 

polarizing panel reflects electromagnetic radiation having a first 
circularly polarized state when said electro-optical glazing panel is 
switched to said first optical state of operation, and 
wherein said first electrically-active CLC electromagnetic radiation 
5 polarizing panel transmits electromagnetic radiation having a second 
circularly polarized [(RHCP)] state when said electro-optical glazing 
panel is switched to said first optical state of operation; 

wherein said second electrically-active CLC electromagnetic 
radiation polarizing panel reflects electromagnetic radiation having said 
1 0 second state when said electro-optical glazing panel is switched to said 
first optical state of operation, 

wherein said second electrically-active CLC electromagnetic 
radiation polarizing panels transmits electromagnetic radiation having 
said first state when said electro-optical glazing panel is switched to 

1 5 said first optical state of operation; and 
wherein said first and second electrically-active CLC 

electromagnetic radiation polarizing panels transmit more than 50% of 
electromagnetic radiation having either said first state or said second 
state when said electro-optical glazing panel is switched to said second 

2 0 optical state of operation. 

9. The electro-optical glazing structure of claim 1, which further 
comprises: 

a window frame for mounting said electro-optical glazing panel 
2 5 within a house or office building, or aboard a transportation vehicle. 

10. The electro-optical glazing structure of claim 9, which further 
comprises: 

a electromagnetic-sensor mounted on said window frame, for 
30 sensing electromagnetic conditions; 
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• * 

a battery supply mounted within said window frame, for 
providing electrical power; 

a electromagnetic-powered battery recharger mounted within 
said window frame, for recharging the battery; 
5 electrical circuitry mounted within said window frame, for 

producing glazing control voltages for switching said first and second 
optical states of operation; and 

a programmable micro-computer chip mounted within said 
window frame, for controlling the operation of said battery recharger 

1 0 and said electrical circuitry, and the production of said glazing control 

voltages as required by a radiation flow control program stored within 
said programmable microcontroller. 

11. The electro-optical glazing structure of claim 1, further comprising: 
15 a frame for an intelligent pair of sunglasses; and 

a pair of said optical glazing elements supported within said 
frame, 

wherein each said optical element is realized using said 
electro-optical glazing structure of claim 1. 

20 

12. An intelligent window system for dynamic electromagnetic radiation 
control which comprises: 

a plurality of said electro-optical glazing structures of claim 10, 
each mounted within a house or office building, or aboard a 

2 5 transportation vehicle; and 

a central control computer for coordinating the operation of said 
electro-optical glazing structures. 

13. A composite electro-optical glazing structure which comprises: 

3 0 a plurality of said electro-optical glazing structures of claim 1, 

97 

^SDOCID: <WO 9S38547A1J_> 



wo 98/38547 PCT/US98/03688 

Stacked together as a composite electro-optical structure, 

wherein said composite electro-optical structure has more than 
two said optical states of operation which permit complex levels of 
electromagnetic radiation control. 

5 

14. A stereoscopic 3-D viewing device in the form of eyeglasses, 
comprising; 

a pair of optical elements positionable before the eyes of a user of 
said eyeglasses, each said optical element including said electro-optical 
1 0 glazing structure of claim 1, 

whereby said eyeglasses can control electromagnetic radiation 
during stereoscopic 3-D viewing or monoscopic 2-D viewing of displayed 
images (i.e. virtual world viewing), or during stereoscopic viewing of 
real world objects. 

1 5 

15. An electro-optical glazing structure which has high reflection, 
semi-transparent and greater than 50% transparent modes of operation 
for improved control over the flow of electromagnetic radiation within 
the solar region of the electromagnetic spectrum (i.e. Solar Spectrum). 

20 

16. A reflective electro-optical glazing structure, in which the modes of 
operation can be electrically-activated or switched, while avoiding the 
use of energy absorbing mechanisms. 

2 5 17. The electro-optical glazing structure of claim 1, wherein the 

transmission of the visible portion of the electromagnetic spectrum is 
controlled and wherein the IR portion of the electromagnetic spectrum 
is reflected. 

3 0 18. An electro-optical glazing structure, comprising an 
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electrically-active phase retardation panel interposed between a pair of 
single layer electrically-passive electromagnetic radiation polarizing 
panels, both of which are capable of reflecting electromagnetic radiation 
of a first linear polarization state, whereby a highly reflective state of 
5 operation and a semi-transparent state of operation are provided over 
the electromagnetic region of the electromagnetic spectrum. 

19. An electro-optical glazing structure, comprising an 
electrically-active 7i-phase retardation panel interposed between a first 
1 0 and a second electrically-passive electromagnetic radiation polarizing 

panel, the first panel reflecting electromagnetic radiation of a first linear 
polarization state, the second panel reflecting electromagnetic radiation 
of a second linear polarization state, whereby a reflective state of 
operation and a semi-transparent state of operation are provided over a 

1 5 region of the electromagnetic spectrum. 

20. The electro-optical glazing structure of claim 19, wherein the first 
and a second electrically-passive electromagnetic radiation polarizing 
panels are single layer polarizing panels. 

20 

21. An electro-optical glazing structure, comprising an 
electrically-passive Tc-phase retardation panel interposed between a 
pair of electrically-active CLC electromagnetic radiation polarizing 
panels, both of which are capable of reflecting electromagnetic radiation 

2 5 of a first circularly polarized state, whereby a highly reflective state of 

operation and a highly transparent state of operation are provided over 
a region of the electromagnetic spectrum. 

22. An electro-optical glazing structure, comprising a pair of 
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electrically-active CLC electromagnetic radiation polarizing panels, one 
of which is capable of reflecting electromagnetic radiation of a first 
circularly polarized state and the other of which is capable of reflecting 
electromagnetic radiation of a second circularly polarized state, 
5 whereby a highly reflective state of operation and a highly transpare nt 
state of operation are provided over a region of the electromagnetic 
spectrum. " 

23. An actively-controlled window or viewing panel constructed from 
1 0 the electro-optical glazing structure of claim I, wherein the 

transmission and reflection of electromagnetic radiation can be 
dynamically controlled over a broad-band region of the electromagnetic 
spectrum, from greater than 50% transmission to high reflection. 



1 5 24. An actively-controlled window or viewing panel constructed from 

the electro-optical glazing structure of claim 1, wherein the 
electromagnetic radiation over the IR region of the eleptromagnetic 
spectrum can be reflected, rather than absorbed, reducing the 
temperature cycle range which the window structure is required to 
20 undergo. 

25. An intelligent window system for installation within a house or 
office building, or aboard a transportation vehicle such as an airplane c 
automobile, wherein an electro-optical glazing structure of claim 1 is 

2 5 supported within a prefabricated window frame, within which are 

mounted: a electromagnetic-sensor for sensing electromagnetic 
conditions in the outside environment; a battery supply for providing 
electrical power; a electromagnetic-powered battery recharger for 
recharging the battery; electrical circuitry for producing glazing control 
30 voltages for driving the electrically-active elements of the 
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electro-optical glazing supported within the window frame; and a 
micro-computer chip for controlling the operation of the battery 
recharger and electrical circuitry and the production of glazing control 
voltages as required by a radiation flow control program stored within 
5 the programmed microcontroller. 

26. The electro-optical glazing structure of claim 1 which is designed 
for integration within the heating/cooling system of a house, office 
building, factory or vehicle in order to control the flow of broad-band 

1 0 electromagnetic radiation through the electro-optical window structure, 

while minimizing thermal loading upon the heating/cooling system 
thereof. 

27. An intelligent pair of shutter glasses, in which each optical element 
15 is realized using an electro-optical glazing structure of claim 1 fashioned 

to the dimensions of a shutter glass frame. 

28. The electro-optic glazing structure of claim 1, further comprising: 

a reflecting layer for reflecting infrared light, wherein the 
20 electro-optic glazing structure of claim 1 controls the 
transmission and reflection of visible light. 

29. The electro-optic glazing structure of claim 1, further comprising: 
a reflecting layer for reflecting UV light, wherein the electro-optic 

2 5 glazing structure of claim 1 controls the transmission and reflection of 

visible light. 

30. The electro-optic glazing structure of claim 1, further comprising: 

3 0 a electro-optic glazing structure which controls the transmission and 
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reflection of IR light, wherein the electro-optic glazing structure of claim 
1 separately controls the transmission and reflection of visible light. 

31. The electro-optic glazing structure of claim 1, further comprising: 
5 a electro-optic glazing structure which controls the transmission 

and reflection of visible light, wherein the electro-optic glazing structure 
of claim 1 separately controls the transmission and reflection of IR light. 

32. An electro-optical glazing structure having reflection and 
1 0 transmission modes of operation for selectively reflecting and 

transmitting electromagnetic radiation, respectively, the electro-optical 
glazing structure comprising: 

an electro-optical panel of multilayer construction, having first 
and second optical states of operation; 

1 5 optical state switching means for switching the electro-optical 

panel to the first optical state of operation in order to induce the 
electro-optical glazing structure into the reflection mode of operation, 
and for switching the electro-optical panel to the second optical state of 
operation in order to induce the electro-optical glazing structure into the 

20 transmission mode of operation, and 

means for further controlling electromagnetic radiation incident 
on the electro-optical panel. 

33. The electro-optical glazing structure of claim 32, wherein the means 
25 for further controlling the electromagnetic radiation comprises a means 

for reflecting circularly polarized light. 

34. The electro-optical glazing structure of claim 33, wherein the means 
for reflecting circularly polarized light comprise a cholesteric liquid 

30 crystal (CLC) reflector. 
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35. The electro-optical glazing structure of claim 32, wherein the means 
for further controlling the electromagnetic radiation comprises a 
scattering laycrfor controllably scattering light. 

5 

36. The electro-optical glazing structure of claim 35, wherein the 
scattering layer comprises a fluid medium containing a large plurality of 
anisotropically shaped objects for controllably scattering light, the 
orientation of anisotropically shaped objects controllable by a field. 

10 

37. The electro-opiical gla/ing structure of claim 36x, wherein the 
anisotropically shaped objects are micron size sheets of reflecting 
material. 

1 5 38. The electro-opiual L-la/mg structure of claim 37, wherein the 
micron size sheets i»l rcllcciing material are multilayer polymer 
reflectors. 

39. The electro-opiical gla/ing structure of claim 37, wherein the 

2 0 micron size sheets o( rctlcciing material are cholesteric liquid crystal 
(CLC) reflectors. 

40. The electro-optical glazing structure of claim 35, wherein the 
scattering layer comprises a polymerized polymer region containing a 

2 5 large plurality of inclusions of liquid crystal material. 

41. The electro-optical glazing structure of cjaim 40, wherein the 
scattering layer comprises a polymer dispersed liquid crystal (PDLC) 
layer. 

30 
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42. The electro-optical glazing structure of claim 35, wherein the 

scattering layer comprises a mixture of a polymer and a liquid crystal 
material. 



43. The electro-optical glazing structure of claim 42, wherein the 
scattering layer may be made non scattering under the influence of an 
electric field. 



44. The electro-optical glazing structure of claim 32, wherein the means 
0 for further controlling the electromagnetic radiation comprises a 

mixture of a polymer and a liquid crystal material. 

45. The electro-optical glazing structure of claim 44, wherein the 
mixture of polymer and liquid crystal material is transparent to the 

5 electromagnetic radiation incident on the electro-optical panel when an 
electric field is induced in the mixture. 

46. The electro-optical glazing structure of claim 44, wherein the 
mixture of polymer and liquid crystal material reflects a portion of the 

0 electromagnetic radiation incident on the electro-optical panel when no 
electric field is induced in the mixture. 

47. An electro-optical glazing structure having reflection and 
transmission modes of operation for selectively reflecting and 

5 transmitting electromagnetic radiation, respectively, the electromagnetic 
radiation having a first and a second linear polarization, the 
electro-optical glazing structure comprising: 

an electro-optical panel having first and second optical states of 
operation; and 

0 optical state switching means for switching the electro-optical 
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panel to the first optical state of operation in order to induce the 
electro-optical glazing structure into the reflection mode of operation, 
and for switching the electro-optical panel to the second optical state of 
operation in order to induce the electro-optical glazing structure into the 
5 transmission mode of operation, 

wherein the electro-optical panel comprises; 

a sheet having a large plurality of pairs of layers parallel to a 
surface of the sheet, each pair of layers having a difference between the 
materials in each layer of the pair, the difference being in the index of 
1 0 refraction for electromagnetic radiation having the first linear 

polarization, wherein there is little difference in the index of refraction 
for electromagnetic radiation having the second linear polarization, the 
total thickness of each pair of layers in the large plurality of layers 
varying non linearly across the sheet. 

1 5 

48. The electro-optical glazing structure of claim 47, wherein the 
electro-optical panel further reflects circularly polarized 
electromagnetic radiation. 

20 49. The electro-optical glazing structure of claim 48, wherein the 
electro-optical panel comprises a cholesteric liquid crystal (CLC) 
material. 

50. The electro-optical glazing structure of claim 47, wherein thE 

2 5 electro-optical panel selectively transmits and reflects electromagnetic 

radiation of a first bandwidth of the EM spectrum, further comprising a 
reflector of EM radiation which reflects radiation in a second bandwidth 
of the EM spectrum, the reflector of EM radiation comprising a sheet 
having a large plurality of pairs of layers parallel to a surface of the 

3 0 sheet, each pair of layers having a difference in the index of refraction 
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51. The electro-optical glazing structure of claim 50, wherein the 
reflector of EM radiation comprises a sheet having a large plurality of 
5 pairs of layers parallel to a surface of the sheet, each pair of layers 

having a difference in the index of refraction between the materials in 
each layer of the pair. The total thickness of each pair of layers in the 
large plurality of layers varying non linearly across the sheet. 

1 0 52. The electro-optical glazing structure of claim 47, further comprising 

a controllable scaiicrini: layer. 

53. The electro-opiical i:!a/mg structure of claim 52, wherein the 
controllable scattering* layer comprises a fluid medium containing a 
15 large plurality of afiiNt>ir(>picalIy shaped objects for controllably 
scattering light, the orientation of anisotropically shaped objects 
controllable by a field. 

54. The electro-optical gla/ing structure of claim 47, wherein 

2 0 electrooptic panel further comprises a means for reflecting circularly 

polarized light. 

55. The electro-optical glazing structure of claim 54, wherein the means 
for reflecting circularly polarized light comprise a cholesteric liquid 

2 5 crystal (CLC) reflector. 

56. The electro-optical glazing structure of claim 47, wherein the 
electro-optic panel further comprises a scattering layer for controllably 
scattering light. 

30 
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57. The electro-optical glazing structure of claim 56, wherein the 
scattering layer comprises a fluid medium containing a large plurality of 
anisotropically shaped objects for controllably scattering light, the 
orientation of anisotropically shaped objects controllable by a field. 

5 

58. The electro-optical glazing structure of claim 57, wherein the 
anisotropically shaped objects are micron size sheets of reflecting 
material. 

1 0 59. The electro-optical glazing structure of claim 58, wherein the 
micron size sheets of reflecting material are multilayer polymer 
reflectors. ^ 

60. The electro-optical glazing structure of claim 58, wherein the micron 

1 5 size sheets of reflecting material are cholesteric liquid crystal (CLC) 

reflectors. 

61. The electro-optical glazing structure of claim 56, wherein the 
scattering layer comprises a polymerized polymer region containing a 

2 0 large plurality of inclusions of liquid crystal material. 

62. The electro-optical glazing structure of claim 61, wherein the 
scattering layer comprises a polymer dispersed liquid crystal (PDLC) 
layer. 

25 

63. The electro-optical glazing structure of claim 56, wherein the 
scattering layer comprises a mixture of a polymer and a liquid crystal 
material. 

3 0 64. The electro-optical glazing structure of claim 63, wherein the 
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scattering layer may be made non scattering under the influence of an 
electric field. 

65. The electro-optical glazing structure of claim 47, wherein the 
5 electro-optical panel further comprises a layer of a mixture of a 

polymer and a liquid crystal material. 

66. The electro-optical glazing structure of claim 65, wherein the 
mixture of polymer and liquid crystal material is transparent to the 

1 0 electromagnetic radiation incident on the electro-optical panel when an 
electric field is induced in the mixture. 

67. The electro-optical glazing structure of claim 65, wherein the 
mixture of polymer and liquid crystal material reflects a portion of the 
1 5 electromagnetic radiation incident on the electro-optical panel when no 
electric field is induced in the mixture. 



68. An electro-optical glazing structure having total-reflection and 
transparent modes of operation for selectively reflecting and 
2 0 transmitting electromagnetic radiation without absorption, respectively, 
said electro-optical glazing comprising: 

an electro-optical panel of laminated construction, having first and 
second optical states of operation; and 

optical state switching means for switching said electro-optical 

2 5 panel to said first optical state of operation in order to induce said 

electro-optical glazing into said total-reflection mode of operation, and 
for switching said electro-optical panel to said second optical state of 
operation in order to induce said electro-optical glazing into said 
transmission mode of operation, 

3 0 wherein electromagnetic radiation within a first prespecified 
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bandwidth falling incident upon said electro-optical panel is totally 
reflected from said electro-optical panel without absorption when said 
electro-optical panel is switched to said first optical state of operation, 
and 

5 wherein electromagnetic radiation within a second prespecified 

bandwidth falling incident upon said electro-optical panel is transmitted 
through said electro-optical panel without absorption when said electro- 
optical panel is switched to said second optical state of operation. 

1 0 69. The electro-optical glazing structure of claim 68, wherein said first 
prespecified bandwidth comprises the infrared (IR) portion and ultra- 
violet (UV) portions of the electromagnetic spectrum, and said second 
prespecified bandwidth comprises said IR portion, said UV portion and 
the visible portion of the electromagnetic spectrum. 

15 

70. The electro-optical glazing structure of claim 68, wherein said 
electro-optical panel comprises: 

a first electrically-passive cholesteric liquid crystal (CLC) 
electromagnetic radiation polarizing panel; 
20 a second electrically-passive CLC electromagnetic radiation 

polarizing panel; and an electrically-active i-phase retardation panel 
interposed between said first and second electrically-passive CLC 
electromagnetic radiation polarizing panels. 

25 71. The electro-optical glazing structure of claim 70, 

wherein said first and second electrically-passive CLC 
electromagnetic radiation polarizing panels totally reflect without 
absorption electromagnetic radiation having a left hand circularly 
polarized (LHCP) state and a wavelength within said first prespecified 
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bandwidth when said electro-optical panel is switched to said first 
optical state of operation, 

wherein said first and second electrically.passive CLC 
electromagnetic radiation polarizing panels transmit without absorption 
electromagnetic radiation having either a right hand circularly polarized 
(RHCP) state and/or a wavelength outside said first prespecified 
bandwidth when said electro-optical panel is switched to said first 
optical state of operation; and 

wherein said first and second electrically-passive CLC 
electromagnetic radiation polarizing panels transmit without absorption 
electromagnetic radiation having either said LHCP state or said RHCP 
state and a wavelength within said second prespecified bandwidth 
when said electro-optical panel is switched to said second optical state 
of operation. 

72. The electro-optical glazing structure of claim 68, wherein said 
electro-optical panel comprises: 

a first electrically-active cholesteric liquid crystal (CLC) 
electromagnetic radiation polarizing panel; 

a second electrically-active CLC electromagnetic radiation 
polarizing panel; and an electrically-passive jt-phase retardation panel 
interposed between said first and second electrically-active CLC 
electromagnetic radiation polarizing panels. 

73. The electro-optical glazing structure of claim 72, 

wherein said first and second electrically-active CLC 
electromagnetic radiation polarizing panels totally reflect without 
absorption electromagnetic radiation having a left hand circularly 
polarized (LHCP) state and a wavelength within said first prespecified 
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bandwidth when said electro-optical panel is switched to said first 
optical state of operation, 

wherein said first and second electrically-active CLC 
electromagnetic radiation polarizing panels transmit without absorption 
5 electromagnetic radiation having either a right hand circularly polarized 
(RHCP) state and/or a wavelength outside said first prespecified 
bandwidth when said electro-optical panel is switched to said first 
optical state of operation; and 

wherein said first and second electrically-active CLC 
1 0 electromagnetic radiation polarizing panels transmit without absorption 
electromagnetic radiation having either said LHCP state or said RHCP 
state and a wavelength within said second prespecified bandwidth 
when said electro-optical panel is switched to said second optical state 
of operation. 

1 5 

74. The electro-optical glazing structure of claim 72, 

wherein said first and second electrically-active CLC 
electromagnetic radiation polarizing panels totally reflect without 
absorption electromagnetic radiation having a right hand circularly 

2 0 polarized (RHCP) state and a wavelength within said first prespecified 

bandwidth when said electro-optical panel is switched to said first 
optical state of operation, 

wherein said first and second electrically-active CLC 
electromagnetic radiation polarizing panels transmit without absorption 

2 5 electromagnetic radiation having either a left hand circularly polarized 

(LHCP) state and/or a wavelength outside said first prespecified 
bandwidth when said electro-optical panel is switched to said first 
optical state of operation; and 

wherein said first and second electrically-active CLC 

3 0 electromagnetic radiation polarizing panels transmit without absorption 
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electromagnetic radiation having either said LHCP state or said RHCP 
state and a wavelength within said second prespecified bandwidth 
when said electro-optical panel is switched to said second optical state 
of operation. 

5 

75. The electro-optical glazing structure of claim 68, wherein said 
electro-optical panel comprises: 

a first electrically-active cholesteric liquid crystal (CLC) 
electromagnetic radiation polarizing panel; and 
10 a second electrically-active CLC electromagnetic radiation 

polarizing panel adjacent said first electrically-active CLC 
electromagnetic radiation polarizing panel. 

76. The electro-optical glazing structure of claim 75, 

1 5 wherein said first electrically-active CLC electromagnetic radiation 

polarizing panel totally reflects without absorption electromagnetic 
radiation having a left hand circularly polarized (LHCP) state and a 
wavelength within said first prespecified bandwidth when said electro- 
optical panel is switched to said first optical state of operation, and 

2 0 wh erein said first electrically-active CLC electromagnetic radiation 

polarizing panels transmits without absorption electromagnetic 
radiation having either a right hand circularly polarized (RHCP) state 
arid/or a wavelength outside said first prespecified bandwidth when 
said electro-optical panel is switched to said first optical state of 
25 operation; 

wherein said second electrically-active CLC electromagnetic 
radiation polarizing panel totally reflects without absorption 
electromagnetic radiation having said RHCP state and a wavelength 
within said first prespecified bandwidth when said electro-optical panel 
30 is switched to said first optical state of operation, and 
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Wherein said second electrically-active CLC electromagnetic 
radiation polarizing panels transmits without absorption 
electromagnetic radiation having either said LHCP state and/or a 
wavelength outside said first prespecified bandwidth when said electro- 
optical panel is switched to said first optical state of operation; and 

wherein said first and second electrically-active CLC 
electromagnetic radiation polarizing panels transmit without absorption 
electromagnetic radiation having either said LHCP state or said RHCP 
state and a wavelength within said second prespecified bandwidth 
when said electro-optical panel is switched to said second optical state 
of operation. 

76. The electro-optical glazing structure of claim 68, which further 
comprises: 

a window frame for mounting said electro-optical panel within a, 
house or office building, or aboard a transportation vehicle; 



77. The electro-optical glazing structure of claim 76, which further 
comprises: 

0 a electromagnetic-sensor mounted on said window frame, for 

sensing electromagnetic conditions; 

a battery supply mounted within said window frame, for 
providing electrical power; 

a electromagnetic-powered battery recharger mounted within said 
5 window frame, for recharging the battery; 

electrical circuitry mounted within said window frame, for 
producing glazing control voltages for switching said first and second 
optical states of operation; and 

a programmable micro-computer chip mounted within said 
0 window frame, for controlling the operation of said battery recharger 
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and said electrical circuitry, and the production of said glazing control 
voltages as required by a radiation flow control program stored within 
said programmable microcontroller. 

78. An intelligent pair of sunglasses, comprising: 
a frame; and 

a pair of optical element supported within said frame, 
wherein each said optical element is realized using said electro- 
optical glazing structure of claim 1. 



79. An intelligent window system for dynamic electromagnetic radiation 
control which comprises: 

a plurality of said electro-optical glazing structures of claim 11, 
each mounted within a house or office building, or aboard a 

1 5 transportation vehicle; and 
a central control computer for coordinating the operation of said 

electro-optical glazing structures. 

80. An composite electro-optical glazing structure which comprises: 

2 0 a plurality of said electro-optical glazing structures of claim 1, 
stacked together as a composite electro-optical structure, 

wherein said composite electro-optical structure has more than 
two said optical states of operation which permit complex levels of 
electromagnetic radiation control. 

25 

81. A stereoscopic 3-D viewing device in the form of eyeglasses, 
comprising: 

a pair of optical elements positionable before the eyes of a user of 
said eyeglasses, 

30 each said optical element including said electro-optical glazing 
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Structure ol' claim 1, 

whereby said eyeglasses can control electromagnetic radiation 

during stereoscopic 3-D viewing or monoscopic 2-D viewing of displayed 

images (i.e. virtual world viewing), or during stereoscopic viewing of 
5 real world objecl.s. 

82. An electro-optical glazing structure which has total-reflection, 
semi-transparent and totally transparent modes of operation for 
improved control over the flow of electromagnetic radiation within the 

1 0 solar region of the electromagnetic spectrum (i.e. Solar Spectrum). 

83. An electro-opiual i.'la/ing structure, in which the modes of 
operation can be electrically-activated or switched, while avoiding the 
use of energy absi)rhini: mechanisms. 

1 5 

84. An electro-optical <!la/ing structure having a broad band of 
operation, including the IK, visible and UV portions of the 
electromagnetic spectrum. 

2 0 85. An electrically-active -phase retardation panel interposed between 

a pair of electrically-passive electromagnetic radiation polarizing panels, 
both of which are capable of reflecting electromagnetic radiation of a 
certain polarization state, whereby a totally reflective state of operation 
and a semi-transparent .state of operation are provided over the 

2 5 electromagnetic region of the electromagnetic spectrum. 

86. An electro-optical glazing structure, comprising an electrically-active 
-phase retardation panel interposed between a pair of electrically- 
passive electromagnetic radiation polarizing panels, both of which are 

3 0 capable of reflecting electromagnetic radiation of a linear polarization 
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State, whereby a totally reflective state of operation and a semi- 
transparent state of operation are provided over the electromagnetic 
region of the electromagnetic spectrum. 

5 87. An electro-optical glazing structure, comprising an electrically-acti 
It-phase retardation panel interposed between a pair of electrically- 
passive electromagnetic radiation polarizing panels, both of which are 
capable of reflecting electromagnetic radiation of a linear polarization 
state, one is parallel to other, whereby a totally reflective state of 
1 0 operation and a semi-transparent state of operation are provided over 
the electromagnetic region of the electromagnetic spectrum. 



88. An electro-optical glazing structure, comprising an electrically- 
active ji-phase retardation panel interposed between a pair of 

1 5 electrically-passive electromagnetic radiation polarizing panels, both of 
which arc capable of reflecting electromagnetic radiation of a linear 
polarization state, one is perpendicular to other, whereby a totally 
reflective state of operation and a semi-transparent state of operation 
are provided over the electromagnetic region of the electromagnetic 

20 spectrum. 

89. An electro-optical glazing structure, comprising an electrically- 
active It-phase retardation panel interposed between a pair of 
electrically-passive cholesteric liquid crystal (CLC) electromagnetic 

25 radiation polarizing panels, both of which are capable of reflecting 

electromagnetic radiation of a LHCP state, whereby a totally reflective 
state of operation and a semi-transparent state of operation are 
provided over the electromagnetic region of the electromagnetic 
spectrum. 
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90. An electro-optical glazing structure, comprising an electrically- 
^ active 7i-phase retardation panel interposed between a pair of 

electrically-passive CLC electromagnetic radiation polarizing panels, 
5 both of which are capable of reflecting electromagnetic radiation of a 
RHCP state, whereby a totally reflective state of operation and a semi- 
transparent state of operation are provided over a broad-band region of 
the electromagnetic spectrum. 

10 91. An electro-optical glazing structure, comprising an electrically-active 
7i-phase retardation panel interposed between a pair of electrically- 
passive CLC electromagnetic radiation polarizing panels, one of which is 
capable of reflecting electromagnetic radiation of the LHCP state and the 
other of which is capable of reflecting electromagnetic radiation of the 
1 5 RHCP state, whereby a totally reflective state of operation and a semi- 
transparent state of operation are provided over a broad-band region of 
the electromagnetic spectrum. 

92. An electro-optical glazing structure, comprising an electrically- 
passive 7t-phase retardation panel interposed between a pair of 

electrically-active CLC electromagnetic radiation polarizing panels, both 
of which are capable of reflecting electromagnetic radiation of the LHCP 
state, whereby a totally reflective state of operation and a totally 
transparent state of operation are provided over a broad-band region of 
the electromagnetic spectrum. 

93. An electro-optical structure, comprising an electrically-passive n- 

phase retardation panel interposed between a pair of electrically-active 
CLC electromagnetic radiation polarizing panels, both of which are 
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capable of reflecting electromagnetic radiation of the RHCP state, 
whereby a totally reflective state of operation and a semi-transparent 
state of operation are provided over a broad-band region of the 
electromagnetic spectrum. 

5 

94. An electro-optical glazing structure, comprising a pair of electrically- 
active CLC electromagnetic radiation polarizing panels, one of which is 
capable of reflecting electromagnetic radiation of the LHCP state and the 
other of which is capable of reflecting electromagnetic radiation of the 

1 0 RHCP state, whereby a totally reflective state of operation and a totally 
transparent state of operation are provided over a broad-band region of 
the electromagnciic spectrum. 

95. An actively-comr(»llcd window or viewing panel constructed from 

1 5 the electro-optical i:la/ini: structure of the present invention, wherein 

the transmission of electromagnetic radiation can be dynamically 
controlled over a broad -band region of the electromagnetic spectrum, 
between 50% transmissii>n to 100% reflection and between 100% 
transmission to 100^.^ rctlection. 

20 

96. An actively-controlled window or viewing panel constructed from 
an electro-optical glazing structure, wherein the transmission of 
electromagnetic radiation over the UV and IR regions of the 
electromagnetic spectrum can be totally reflected, rather than absorbed, 

2 5 reducing the temperature cycle range which the window structure is 

required to undergo. 

97. An actively-controlled window or viewing panel constructed from 
an electro-optical glazing structures, wherein only UV and IR radiation 

30 is reflected at the window surface, while electromagnetic radiation over 
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the visible band is transmitted to the interior environment being 
maintained under thermal control. ^ 

98. An intelligent window system for installation within a house or 

5 office building, or aboard a transportation vehicle such as an airplane or 
automobile, wherein an electro-optical glazing structure thereof is 
supported within a prefabricated window frame, within which are 
mounted: a electromagnetic-sensor for sensing electromagnetic 
conditions in the outside environment; a battery supply for providing 

1 0 electrical power; a electromagnetic-powered battery recharger for 

recharging the battery; electrical circuitry for producing glazing control 
voltages for driving the electrically-active elements of the electro- 
optical glazing supported within the window frame; and a micro- 
computer chip for controlling the operation of the battery recharger and 

1 5 electrical circuitry and the production of glazing control voltages as 
required by a radiation flow control program stored within the 
programmed microcontroller. 

99. An electro-optical window structure which is designed for 

20 integration within the heating/cooling system of a house, office building, 
factory or vehicle in order to control the flow of broad-band 
electromagnetic radiation through the electro-optical window structure, 
while minimizing thermal loading upon the heating/cooling system 
thereof. 

25 

100. An intelligent pair of shutter glasses, in which each optical 
element is realized using an electro-optical glazing structure fashioned 
to the dimensions of a shutter glass frame. 
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ELECTRO-OPTICAL GLAZING STRUCTURES 
HAVING REFLECTION AND TRANSPARENT MODES OF OPERATION 



BACKGROUND OF THE INVENTION 

Technical Field 

The present invention relates generally to an electro-optical 
glazing structure having total-reflection and semi-transparent and 
1 0 totally-transparent modes of operation which are electrically- 

switchable for use in dynamically controlling electromagnetic 
radiation flow in diverse applications. 

Background Art 

1 5 The use of windows in homes, commercial buildings, and 

automotive vehicles alike is very well known. The reasons for 
providing windows in such structures and systems are directly 
related to the functions they perform. For example, window 
structures provide for ventilation, lighting, a sense of spaciousness, as 

2 0 well as a way of making contact with the outdoors. Windows made 

of glazing (e.g. glass material) also permit selective transmission of 
electromagnetic radiation between the outdoors and the interior 
space of homes, commercial buildings, and automotive vehicles. 
While conventional forms of glazing serves many useful functions, 
2 5 such forms are not without problems. 

An appreciation of the problems presented by the use of 
conventional glazing in windows, can be most easily attained by 
recognizing the nature and composition of electromagnetic radiation 
with which windows universally come in contact. 
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On a clear day at sea level, electromagnetic radiation is 
composed of 3% ultraviolet light (i.e. electromagnetic radiation in the 
UV band), 44% visible light (i.e. electromagnetic radiation in the 
visible band), and 53% infrared light (i.e. electromagnetic radiation in 
the IR band). In accordance with the laws of physics, 50% of all 
electromagnetic radiation produced is left hand circularly polarized 
(LHCP) while the other 50% thereof is right hand circularly polarized 
(RHCP). The total electromagnetic radiation striking a window 
surface is a combination of direct radiation from the Sun and diffuse 
radiation from the ambient environment. While electromagnetic 
radiation is broad-band in nature, it is the ultraviolet light 
component thereof which causes molecular decomposition in various 
types of plastic material and inorganic dyes, which results in color 
fading. 

When electromagnetic radiation strikes a glass window, three 
different physical processes occur. Some of the radiant energy is 
transmitted through the glass; some of the radiant energy is reflected 
off the glass; and a small portion of the radiant energy is absorbed by 
the glass. The energy transmitted through the glass window is 
typically absorbed by furnishings or structures within the interior 
environment, and often becomes trapped therewithin causing an 
increase in interior temperature. 

Depending on the season, electromagnetic radiation transmitted 
through glass windows can be either mitigate or worsen the thermal 
loading imposed upon the heating and cooling systems associated 
with the glass windows. Consequently, during the hot weather 
season, it is highly desired to shield windows and sliding glass doors 
from electromagnetic radiation in order to lessen thermal loading 

2 
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upon cooling systems. During cold weather season, it is highly desired 
to expose windows and sliding glass doors to electromagnetic 
radiation in order to lessen thermal loading on heating systems. 

In short, it is highly desired to selectively control the 
transmission of electromagnetic radiation through window structures 
at different times of the day and year so that thermal loading upon 
the heating and cooling systems of residential, commercial and 
industrial building environments can be minimized. By minimizing 
such thermal loading, power can be used in an economical manner ^to 
control the internal temperature of residential, commercial and 
industrial buildm. environments. Achievement of this goal would 
impact the natural environment in a positive manner, while 
improving the quality of life. 

With such ohKc.ivcs in mind, great effort has been expended in 
recent times to improve ,hc ways and means of selectively 
controlling the transmission of electromagnetic radiation through 
window structures. 

One approach lo electromagnetic radiation control involves 
using a window shade .<> reduce the transmission of electromagnetic 
radiation through wind<,ws. The most popular type of shade is the 
window blind. However, as window blind is mounted within the 
interior of the building or transportation environment, 
electromagnetic radiation is allowed transmit through the window, 
raise the temperature within the internal environment, and thus ' 
increase thermal loading on cooling systems during the hot weather 
season. Also, the operation of window blinds requires mechanical or 
electro-mechanical controls which tend to be bulky and expensive to 
manufacture, install and maintain. 
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Another approach to electromagnetic radiation control involves 
the use of sun control films which are physically applied to the 
surface of glass windows in building and automotive vehicles alike. 
Presently a variety of different types of sun control film are 
marketed by various firms. Such electromagnetic control films can 
be categorized into one of the three basic categories, namely: high 
reflectivity film; heat saving or winter film; and fade protection film. 

High reflectivity electromagnetic films are most effective at 
blocking summer heat. The higher the reflectivity of electromagnetic 
film, the more effective it will be at blocking electromagnetic 
radiation. Electromagnetic reflectivity film having a silver, 
mirror-like surface is more effective in blocking electromagnetic 
radiation than the colored,, more transparent films. Electromagnetic 
reflectivity films can lower the U-value of glass by more than 10%. 
Notably, in climates having long heating seasons, the use of high 
reflectivity film prevents using the winter sun to warm the interior 
of buildings during the cold weather season, and thus lessen thermal 
loading on building heating systems. 

Heat-saving or winter films are designed to reduce winter heat 
losses through glazing. These films can lower the U-value of glass 
windows by more than 20%. 

Fade-protection films are designed to filter out ultraviolet rays. 
Ultraviolet rays cause about 60-65% of color fading in most home 
furnishing fabrics and automobile dash boards. 

While electromagnetic radiation control films of the types 
described above can be used to control heat and glare, eliminate sun 
damage, and to a lesser extent, reduce visibility into buildings during 
the daytime. The major disadvantages thereof are reduction in 

4 
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interior light, loss of visibility, and extra care required in cleaning. 
Moreover, prior art electromagnetic window films are incapable of 
changing from transmissive during winter months to reflective 
during summer months in order to effectively use. electromagnetic 
radiation for dynamic temperature control of biological environments 
(e.g. human habitats, greenhouses and the like). 

An alternative approach to electromagnetic radiation control 
involves using special glass panels having radiation transmission 
characteristics which effectively absorb (i.e. block) the infrared and 
ultra violet wavelengths, while transmitting the visible wavelengths 
thereby allowing window viewing and day light to enter the interior 
spaces of buildings using such window technology. While the light 
transmission characteristics of such glass provides a measure of 
electromagnetic radiation control during cooling seasons, where 
outdoor temperatures tend to be above 72 degrees Fahrenheit, its IR 
absorption characteristics prevents, during heating season, IR 
wavelengths of Sun light to warm the interior spaces of building 
structures in which such glass panels are installed. Consequently, 
during heating seasons, such glass fails to lessen the thermal loading 
on the heating systems of such buildings, as would be desired in an 
effort to conserve energy and heating resources during the winter 
months. 

In recent times, there has been great interest in using variable 
light transmission glass or glazing, referred to as "smart windows", to 
achieve electromagnetic radiation (i.e. energy) control in buildings 
and vehicles alike. The reason for using smart window structures, 
rather than conventional glass window panels, is quite clear. Smart 
window structures have light transmission characteristics that can be 
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electrically controlled during the course of the day (or year) in order 
to meet lighting needs, minimize thermal load on heating and/or 
cooling systems, and provide privacy within the interior spaces of 
buildings and vehicles alike. 
5 The use of chromogenic switchable glazing or smart windows 

for controlling the flow of light and heat into and out of a glazing 
according to occupant comfort, is discussed in great detail in the 
following papers: '*Chromogenic Switchable Glazing: Towards the 
Development of the Smart Window" by Carl Lempert published in the 
1 0 June 1995 Proceedings of the Window Innovation Conference, 

Toronto, Canada: and "Optical Switching Technology for Glazings" by 
Carl Lempert pubhshcd in Thin Solid Films, Volume 236, 1993, pages 
6-13, both incorporated herein by reference. 

In general, there arc several different types chromogenic 

I 

1 5 switchable glazing or smart windows, namely: non-electrically 

activated switchable glazings; and electrically-activated switchable 
glazings. The non -electrically activated types of chromogenic 
switchable glazing arc based on: photochromies, thermochromics and 
thermotropics. The most common electrically-activated types of 
20 chromogenic switchable glazing are based on polymer dispersed 

liquid crystals (PDLC), dispersed particle systems (DPS), and 
electrochromics. 

Prior art smart window structures based upon conventional 
twisted nematic (TN) or super twisted nematic (STN) liquid crystal 

2 5 technology require the use of a pair of polarizers. This, however, 

results in high optical loss, as up to 60% of the incident light is 
absorbed by the polarizers, in the desired non-blocking mode of 
operation. 
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While a smart window structure based on polymer dispersed 
liquid crystal (PDLC) technology offers better performance than TN or 
STN based window structures, such smart window structures suffer 
from several significant shortcomings. In . particular, conventional 
PDLC panels have a translucent state which can be used only to 
provide privacy, but lack a totally opaque state and a totally 
rcnective state required for electromagnetic radiation control 
functions. In addition, the viewing haze limitation provided by the 
PDLC panels prevents clear viewing through this prior art window 
structure at larger viewing angles. 

A primary drawback associated with Dispersed Particle 
Systems is that such systems simply do not have a reflection mode of 
operation, and thus create heat build-up within interior spaces 
which is sought to be avoided in thermal radiation control 
applications. 

Thus it is clear that there is a great need in the art for an 
improved form of variable light transmission glazing structure which 
avoids the shortcomings and drawbacks of prior art technologies. 

DISCLOST TRF OF THF r^A)^7^JTTr>^T 

Accordingly, a primary object of the presem invention is to 
provide an electro-optical glazing structure which avoids the 
shortcomings and drawbacks of prior art technologies. 

Another object of the present invention is to provide an 
electro-optical glazing structure which has total-reflection, 
semi-transparent and totally transparent modes of operation for 
improved control over the flow of electromagnetic radiation within 
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the solar region of the electromagnetic spectrum (i.e. Solar Spectrum). 

A further object of the present invention is to provide such an 
electro-optical glazing structure, in which the modes of operation can 
be electrically-activated or switched, while avoiding the use of 
5 energy absorbing mechanisms. 

A further object of the present invention is to provide such an 
electro-optical glazing structure having a broad band of operation, 
including the IR, visible and UV portions of the electromagnetic 
spectrum. 

10 A further object of the present invention is to provide an 

electro-optical glazing structure, comprising an electrically-active 7i- 

phase retardation panel interposed between a pair of electrically- 
passive electromagnetic radiation polarizing panels, both of which are 

I 

capable of reflecting electromagnetic radiation of a certain 
1 5 polarization state, whereby a totally reflective state of operation and 

a semi-transparent state of operation are provided over the 
electromagnetic region of the electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical glazing structure, comprising an electrically-active n- 

20 phase retardation panel interposed between a pair of electrically- 

passive electromagnetic radiation polarizing panels, both of which are 
capable of reflecting electromagnetic radiation of a linear polarization 
state, whereby a totally reflective state of operation and a semi- 
transparent state of operation are provided over the electromagnetic 

25 region of the electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical glazing structure, comprising an electrically-active tc- 

i 
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phase retardation panel interposed between a pair of electrically- 
passive electromagnetic radiation polarizing panels, both of which are 
capable of reflecting electromagnetic radiation of a linear polarization 
state, one is parallel to other, whereby a totally reflective state of 
5 operation and a semi-transparent state of operation are provided 

over the electromagnetic region of the electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical glazing structure, comprising an electrically-active tu- 
phase retardation panel interposed between a pair of electrically- 

1 0 passive electromagnetic radiation polarizing panels, both of which are 
capable of reflecting electromagnetic radiation of a linear polarization 
state, one is perpendicular to other, whereby a totally reflective state 
of operation and a semi-transparent state of operation are provided 
over the electromagnetic region of the electromagnetic spectrum. 

15 A further object of the present invention is to provide an 

electro-optical glazing structure, comprising an electrically-active n- 

phase retardation panel interposed between a pair of electrically- 
passive cholesteric liquid crystal (CLC) electromagnetic radiation 
polarizing panels, both of which are capable of reflecting 

2 0 electromagnetic radiation of a LHCP state, whereby a totally 
reflective state of operation and a semi-transparent state of 
operation are provided over the electromagnetic region of the 
electromagnetic spectrum. 

A further object of the present invention is to provide an 
2 5 electro-optical glazing structure, comprising an electrically-active tt- 

phase retardation panel interposed between a pair of electrically- 
passive CLC electromagnetic radiation polarizing panels, both of 
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which are capable of reflecting electromagnetic radiation of a RHCP 
state, whereby a totally reflective state of operation and a semi- 
transparent state of operation are provided over a broad-band region 
of the electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical glazing structure, comprising an electrically-active 71- 
phase retardation panel interposed between a pair of electrically- 
passive CLC electromagnetic radiation polarizing panels, one of which 
is capable of reflecting electromagnetic radiation of the LHCP state 
and the other of which is capable of reflecting electromagnetic 
radiation of the RHCP state, whereby a totally reflective state of 
operation and a semi-transparent state of operation are provided 
over a broad-band region of the electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical glazing structure, comprising an electrically-passive jc- 
phase retardation panel interposed between a pair of electrically- 
active CLC electromagnetic radiation polarizing panels, both of which 
are capable of reflecting electromagnetic radiation of the LHCP state, 
whereby a totally reflective state of operation and a totally 
transparent state of operation are provided over a broad-band region 
of the electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical structure, comprising an electrically-passive Ti-phase 
retardation panel interposed between a pair of electrically-active CLC 
electromagnetic radiation polarizing panels, both of which are 
capable of reflecting electromagnetic radiation of the RHCP state, 
whereby a totally reflective state of operation and a semi- 
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transparent state of operation are provided over a broad-band region 
of the electromagnetic spectrum. 

A further object of the present invention is to provide an 
electro-optical glazing structure, comprising a pair of electrically- 
active CLC electromagnetic radiation polarizing panels, one of which 
is capable of reflecting electromagnetic radiation of the LHCP state 
and the other of which is capable of reflecting electromagnetic 
radiation of the RHCP state, whereby a totally reflective state of 
operation and a totally transparent state of operation are provided 
over a broad-band region of the electromagnetic spectrum. 

Another object of the present invention is to provide an 
actively-controlled window or viewing panel constructed from the 
electro-optical glazing structure of the present invention, wherein the 
transmission of electromagnetic radiation can be dynamically 
controlled over a broad-band region of the electromagnetic spectrum, 
between 50% transmission to 100% reflection and between 100% 
transmission to 100% reflection. 

Another object of the present invention is to provide an 
actively-controlled window or viewing panel constructed from the 
electro-optical glazing structure of the present invention, wherein the 
transmission of electromagnetic radiation over the UV and IR re^^ions 
of the electromagnetic spectrum can be totally reflected, rather than 
absorbed, reducing the temperature cycle range which the window 
structure is required to undergo. 

Another object of the present invention is to combine the 
electro-optical glazing panel of the present invention with a 
controllable scattering layer or structure in order to scatter light 
transmitted therethrough or reflected therefrom. 
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Another object of the present invention is to provide an 
actively-controlled window or viewing panel constructed from the 
electro-optical glazing structures of the present invention, wherein 
only UV and IR radiation is reflected at the window surface, while 
5 electromagnetic radiation over the visible band is transmitted to the 

interior environment being maintained under thermal control. 

Another object of the present invention is to provide an 
intelligent window system for installation within a house or office 
building, or aboard a transportation vehicle such as an airplane or 

1 0 automobile, wherein the electro-optical glazing structure thereof is 

supported within a prefabricated window frame, within which are 
mounted: a electromagnetic-sensor for sensing electromagnetic 
conditions in the outside environment; a battery supply for providing 
electrical power; a electromagnetic-powered battery recharger for 
1 5 recharging the battery; electrical circuitry for producing glazing 

control voltages for driving the electrically-active elements of the 
electro-optical glazing supported within the window frame; and a 
micro-computer chip for controlling the operation of the battery 
recharger and electrical circuitry and the production of glazing 

2 0 control voltages as required by a radiation flow control program 

stored within the programmed microcontroller. 

A further object of the present invention is to provide such an 
electro-optical window structure which is designed for integration 
within the heating/cooling system of a house, office building, factory 
2 5 or vehicle in order to control the flow of broad-band electromagnetic 

radiation through the electro-optical window structure, while 
minimizing thermal loading upon the heating/cooling system thereof. 
Another object of the present invention is to provide a 
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thermal/viewing shield or panel made from electro-optical glazing 
structure of the present invention. 

Another object of the present invention is to provide of an 
intelligent pair of sunglasses, in which each optical element is ' 
5 realized using an electro-optical glazing structure of the present 

invention, fashioned to the dimensions of a sunglass frame. 

Another object of the present invention is to provide of an 
intelligent pair of shutter glasses, in which each optical element is 
realized using an electro-optical glazing structure of the present 
1 0 invention, fashioned to the dimensions of a shutter glass frame 

Another object of the present invention is to provide an 
intelligent windshield or viewing screen, which is realized from an 
electro-optical glazing structure of the present invention. 

These and other objects of the present invention will become 
1 5 apparent hereinafter and in the Claims to Invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 



2 0 For a more complete understanding of the Object of the Present 

Invention, the following Detailed Description of the Illustrative 
Embodiments of the Present Invention should be read in conjunction 
with the accompanying Drawings, wherein: 

Fig. lA is a perspective view of a generalized embodiment of 

25 the intelligent electro-optical window system of the present 

invention, wherein the electro-optical glazing structure thereof is 
electrically switched under microcomputer-control to its totally- 
reflecting state of operation upon detecting a first set of 
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preprogrammed electromagnetic conditions, whereby broad-band 
electromagnetic radiation is completely reflected off the electro- 
optical glazing structure thereof; 

Fig. IB is a perspective view of the generalized embodiment of 
5 the intelligent electro-optical window system shown in Fig. lA, 

wherein the electro-optical glazing structure thereof is electrically 
switched under microcomputer-control to its transmission state of 
operation upon detecting a second set of preprogrammed 
electromagnetic conditions, where broad-band electromagnetic 
1 0 radiation is transmitted through the electro-optical glazing structure 

thereof; 

Fig. 2 is an exploded perspective view of a first illustrative 
embodiment of the electro-optical glazing structure of the present 
invention, showing an electrically-active 7C-phase retardation panel 

1 5 interposed between a pair of electrically-passive RHCP 

electromagnetic radiation reflecting panels, each made from CLC 
material having polarization-selective reflection characteristics over 
a broad-band region of the electromagnetic spectrum; 

Fig. 2A is a schematic diagram of the RHCP electromagnetic 
20 radiation reflecting panel shown in Fig. 2, and its response to both 

RHCP and LHCP electromagnetic radiation incident thereto; 

Fig. 2B is a schematic representation of the electromagnetic 
radiation reflection characteristics of the RHCP electromagnetic 
radiation reflecting panels of the glazing structure of Fig. 2, over its 

2 5 broadband range of operation, AX^^"^^^^^^^ 

Fig. 2C is a schematic representation of a first embodiment of 
the 7c-phase retardation panel used in the construction of the glazing 
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Structure of Fig. 2, illustrating its operating characteristics in 
response to different glazing control voltages; 

Fig. 2D is a schematic representation of a second embodiment of 
the j[-phase retardation panel used in the construction of the glazing 
5 structure of Fig. 2, illustrating its operating characteristics in 

response to different glazing control voltages; 

Fig. 2E is a schematic diagram of a super broad-band jc-phase 
retardation panel construction formed by interposing a twisted 
nematic, super-twisted nematic or cholesteric liquid crystal cell 
1 0 between a pair of electrically-passive broad-band %I2 phase 
retardation panels; 

Fig. 2F is a schematic diagram of a broad-band 7c-phase 

retardation panel employed in the electrically-switchable super- 
broad band phase-retardation panel shown in Fig. 2E, made by 
1 5 laminating a plurality of narrow-band or broad-band nil layers, each 

realized using a material having a ^different birefringence and its 7C/2 

phase-retardation characteristics centered about a different 
wavelength; 

Fig. 2G is a graphical representation of the resulting nil phase 

20 retardation characteristics provided by the cooperation of the phase 
retardation characteristics oiF the individual narrow-band or broad- 
band 7t/2 layers used to construct the electrically-passive super- 
broad band nil phase-retardation panel shown in Fig. 2F; 

Fig. 3A is a schematic diagram illustrating the operation of the 
25 glazing structure of Fig. 2, wherein the 7c-phase retardation panel of 

Fig. 2C is used and the control voltage provided thereto is selected 
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(i.e., V=0, ()) = 7c) so that the window panel is switched into its optically 
opaque or reflection state of operation; 

Fig. 3B is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig. 2, where the n- phase 
5 retardation panel of Fig. 2C is used and the control voltage provided 

thereto is selected (i.e., V=l, 0) so that the window panel is switched 
into its the optically transparent (i.e. semi-clear) state of operation; 

Fig. 4 is an exploded perspective view of a second illustrative 
embodiment of the intelligent electro-optical window of the present 
1 0 invention, comprising an electrically-active K-phase retardation 

panel interposed between a pair of electrically-passive LHCP 
electromagnetic radiation reflecting panels, each made from CLC 
material having polarization-selective reflection characteristics over 
a broad-band region of the electromagnetic spectrum; 
1 5 Fig. 4A is a schematic diagram of the LHCP electromagnetic 

radiation reflecting panel shown in Fig. 4, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto; 

Fig. 4B is a schematic representation of the electromagnetic 
radiation reflection characteristics of the LHCP electroma'^netic 
20 radiation reflecting panels of the window of Fig. 4, over its 

broadband range of operation, a:1^^.„„; 

Fig. 5A is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig. 4, where the Ji-phase 
retardation panel of Fig. 2D is used and the control voltage provided 
25 thereto is selected (i.e., v=l, <^=k) so that the window panel is < 

switched into its the opaque or reflection state of operation; 

Fig. 5B is a schematic diagram illustrating the operation of the 
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intelligent electro-optical window of Fig. 5, where the n-phase 
retardation panel of Fig. 5D is used and the control voltage provided 
thereto is selected (I.e., V=0, <^=0) so that the window panel is 

switched into its optically semi-transparent (i.e., semi-clear) state of 
5 operation; 

Fig. 6 is an exploded perspective view of a third illustrative 
embodiment of the intelligent electro-optical window of the present 
invention, comprising an electrically-active 7c-phase retardation 
panel interposed between an electrically-passive RHCP 
1 0 electromagnetic radiation reflecting panel and an electrically-passive 

LHCP electromagnetic radiation reflecting panel, each mad e from C LC 

f — ' — 

matgr ial having polarization-selectiv e reflection characteristics over 
a broad-band region of the electromagnetic spectrum; 

Fig. 6A is a schematic diagram of the LHCP electromagnetic 
1 S'^ radiation reflecting panel shown in Fig. 6, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto; 

Fig. 6B is a schematic representation of the electromagnetic 
radiation reflection characteristics of the LHCP electromagnetic 
radiation reflecting panel of the window of Fig. 6, over its broadband 
20 range of operation, aC^„„; 

Fig. 6C is a schematic diagram of the RHCP electromagnetic 
radiation reflecting panel shown in Fig. 6, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto; 

Fig. 6D is a schematic representation of the electromagnetic 
25 radiation reflection characteristics of the RHCP electromagnetic 

radiation reflecting panel of the window of Fig. 6, over its broadband 
range of operation, Al'^^^^; 
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Fig. 7 A is a schematic diagram illustrafing the operation ofHhe 
intelligent electro-optical window of Fig. 6, where the jc-phase 

retardation panel of Fig. 2C is used and the control voltage provided 
thereto is selected (i.e., v=0, <|)=it) so that the window panel is 

5 switched into its the optically semi-transparent (i.e. semi-clear) state 

of operation; 

Fig. 7B is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig. 6, where the K-phase 
retardation panel of Fig. 2C is used and the control voltage provided 

1 0 thereto is selected (i.e., v=0, <|)=0) so that the window panel is 

switched into its optically opaque or reflection state of operation; 

Fig. 8 is an expUnJcd perspective view of a fourth illustrative 
embodiment of the intelligent electro-optical window of the present 
invention, comprising an clcctrically-active polarization rotation 
1 5 panel interposed between an electrically-passive linear polarizing 

(LPl^^^^ec.trorniagnetic radiation reflecti ng panel and an electrically- 
passn^eJLm^^ (LP2) electromagnetic radiatio n reflecti ng 

panel, each made from CLC material having polarization-selective 
reflection™characterisiic^s.,.4Vi^ broad-band region of the 

2 0 ^ electromagnetic spectrum; 

Fig. 8 A is a schematic diagram of the LPl electromagnetic 
radiation reflecting panel shown in Fig. 8, and its response to both 
LPl and LP2 electromagnetic radiation incident thereto; 

Fig. 8B is a schematic representation of the electromagnetic 
25 radiation reflection characteristics of the LPl electromagnetic 

radiation reflecting panel of the window of Fig. 8, over its broadband 
range of operation, M^i^Lon'^ 
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Fig. 8C is a schematic diagram of the LP2 electromagnetic 
radiation reflecting panel shown in Fig. 8, and its response to both 
LPl and LP2 electromagnetic radiation incident thereto; 

Fig. 8D is a schematic representation of the electromagnetic 
radiation reflection characteristics of the LP2 electromagnetic 
radiation reflecting panel of the window of Fig. 8, over its broadband 
range of operation, AXjf„'^^^„; 

Fig. 8E is a schematic representation of an illustrative 
embodiment of the electro-optical glazing structure of Fig. 8, in which 
an elcctrically-switchable linear polarization direction rotating panel, 
realized using an electrically-controlled birefringence (ECB) cell, 
surface stabilized ferroelectric liquid crystal (SSFLC) cell, twisted 
nematic cell, super-twisted nematic cell, or cholesteric liquid crystal 
cell,* is interposed between a pair of electrically-passive linear broad- 
band polarizing reflective panels realized using (1) broad-band CLC 
films with nil phase-retardation surfaces integrally formed therein 
and/or other types of reflective linear polarizers such as multi-layer 
interference linear polarizers; 

Fig. 9A is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig. 8, where the linear 
polarization direction rotating panel of Fig. 8 is used and the control 
voltage provided thereto is selected (i.e., v=0, 90 degrees rotation) so 
that the window panel is switched into its transmission or semi-clear 
state of operation; 

Fig. 9B is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig. 9, where the linear 
polarization direction rotating panel of Fig. 8 is used and the control 
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voltage provided thereto is selected (i.e., v=l, zero degrees rotation) 
so that the window panel is switched into its optically opaque state of 
operation; ^ 
Fig. 10 is an exploded perspective view of a fifth illustrative 
5 embodiment of the intelligent electro-optical window of the present 

invention, comprising an electrically-passive 7c-phase retardation 
panel interposed between a first electrically-active LHCP 
electromagnetic radiation reflecting panel and a second electrically- 
active LHCP electromagnetic radiation reflecting panel, each made 
1 0 from CLC material having polarization-selective reflection 

characteristics over a broad-band region of the electromagnetic 
spectrum; 

Fig. lOA is a schematic diagram of the LHCP electromagnetic 
radiation reflecting panel shown in Fig. 10, and its response to both 
1 5 RHCP and LHCP electromagnetic radiation incident thereto when 

operated in the LHCP radiation reflecting state thereof; 

Fig. lOB is a schematic representation of the electromagnetic 
radiation reflection characteristics of the LHCP electromagnetic 
radiation reflecting panels of Fig. 10, over the broadband range of 
20 operation thereof A^I;"",^, when operated in the LHCP radiation 

reflecting state thereof; 

Fig. IOC is a schematic diagram of the LHCP electromagnetic 
radiation reflecting panel shown in Fig. 10, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto when 
25 operated in the radiation transmission state thereof; 

Fig. lOD is a schematic representation of the electromagnetic 
transmission characteristics of the LHCP electromagnetic radiation 

20 
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reflecting panels of Fig. 10, over the broadband range of operation 
thereof AX'^^.^^, when operated in the radiation transmission state 
thereof; 

Fig. lOE is a schematic diagram illustrating the operation of 
the intelligent electro-optical window of Fig. 10, where the control 
voltages provided to both LHCP electromagnetic radiation reflecting 
panels are selected so that the window panel is switched into its the 
optically opaque state of operation; 

Fig. 1 OF is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig. 10, where the control 
voltages provided to both LHCP electromagnetic radiation reflecting 
panels are selected so that the window panel is switched into its the 
optically transparent (i.e. clear) state of operation; 

Fig. 11 is schematic cross-sectional diagram illustrating the 
construction of the first illustrative embodiment of the electrically- 
switchable, circularly polarizing CLC panels used in the electro-optical 
glazing structures of Figs. 10, 12 and 14; 

Fig. 11 A is a graphical representation of the reflection 
characteristics of the first embodiment of the electrically-switchable 
broad-band CLC panel of Fig. 10, measured prior to UV 
polymerization of the CLC material contained within the ITO coated 
substrate plates of the panel, using un-polarized light; 

Fig. IIB is a graphical representation of the reflection 
characteristics of the first embodiment of the electrically-switchable 
broad-band CLC panel of Fig. 10, measured subsequent to UV 
polymerization of the CLC material contained within the ITO coated 
substrate plates of the panel, using right-handed and left-handed 
circularly polarized light; 
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Fig. lie is a graphical representation ofthe reflection 
characteristics of the first embodiment of the electrically-switchable 
broad-band CLC panel of Fig. 10, measured during electrically 
inactive (no voltage applied) and electrically-active (voltage applied) 
5 states of operation using right-handed circularly polarized light; 

Fig. 12 is an exploded perspective view of a sixth illustrative 
embodiment of the intelligent electro-optical window of the present 
invention, comprising an electrically-passive 7c-phase retardation 
panel interposed between a first electrically-active RHCP 

1 0 electromagnetic radiation reflecting panel and a second electrically- 

active RHCP electromagnetic radiation reflecting panel, each made 
from CLC material having polarization-selective reflection 
characteristics over a broad-band region of the electromagnetic 
spectrum; 

15 Fig. 12A is a schematic diagram of the LHCP electromagnetic 

radiation reflecting panel shown in Fig. 12, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto when 
operated in the RHCP radiation reflecting state thereof; 

Fig. 12B is a schematic representation of the electromagnetic 

2 0 radiation reflection characteristics of the RHCP electromagnetic 

radiation reflecting panels of Fig. 12, over the broadband range of 
operation thereof A^^"^^,^„, when operated in the RHCP radiation 
reflecting state thereof; 

Fig. 12C is a schematic diagram of the RHCP electromagnetic 
2 5 radiation reflecting panel shown in Fig. 12, and its response to both 

RHCP and LHCP electromagnetic radiation incident thereto when 
operated in the radiation transmission state thereof; 
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Fig. 12D is a schematic representation of the electromagnetic 
transmission characteristics of the RHCP electromagnetic radiation 
reflecting panels of Fig. 12, over the broadband range of operation 
thereof A}i'"f^^3,^„, when operated in the radiation transmission state 
5 thereof; 

Fig. 13A is a schematic diagram illustrating the operation of 
the intelligent electro-optical window of Fig. 12, where the control 
voltages provided to both RHCP electromagnetic radiation reflecting 
panels are selected so that the window panel is switched into its the 
1 0 optically opaque state of operation; 

Fig. 13B is a schematic diagram illustrating the operation of the 
intelligent electro-optical window of Fig. 12, where the control 
voltages provided to both RHCP electromagnetic radiation reflecting 
panels are selected so that the window panel is switched into its the 

1 5 optically transparent (i.e. clear) state of operation; 

Fig. 14 is an exploded perspective view of a seventh illustrative 
embodiment of the intelligent electro-optical window of the present 
invention, showing an electrically-active LHCP electromagnetic 
radiation reflecting panel laminated to an electrically-active RHCP 

2 0 electromagnetic radiation reflecting panel, each made from CLC 

material having polarization-selective reflection characteristics over 
a broad-band region of the electromagnetic spectrum; 

Fig. 14A is a schematic diagram of the LHCP electromagnetic 
radiation reflecting panel shown in Fig. 14, and its response to both 
2 5 RHCP and LHCP electromagnetic radiation incident thereto when 

operated in its LHCP radiation reflecting state; 

Fig. 14B is a schematic representation of the electromagnetic 
radiation reflection characteristics of the LHCP electromagnetic 
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radiation reflecting panel of Fig. 14, over its broadband range of 
operation M^i^iZu.^ when operated in its LHCP radiation reflecting state; 

Fig. 14C is a schematic diagram of the LHCP electromagnetic 
radiation reflecting panel shown in Fig. 14, and its response to both 
5 RHCP and LHCP electromagnetic radiation incident thereto when 

operated in its radiation transmission state; 

Fig. 14D is a schematic representation of the electromagnetic 
radiation transmission characteristics of the LHCP electromagnetic 
radiation reflecting panel of Fig. 14, over its broadband range of 
10 operation AA. when operated in its radiation transmission state; 

Fig. 14E is a schematic diagram of the RHCP electromagnetic 
radiation reflecting panel shown in Fig. 14, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto when 
operated in its RHCP radiation reflecting state; 
5 Fig- 14F is a schematic representation of the electromagnetic 

radiation reflection characteristics of the RHCP electromagnetic 
radiation reflecting panel of Fig. 14, over its broadband range of 
operation AX'^Zou ^ when operated in its RHCP radiation reflecting state; 

Fig. 14G is a schematic diagram of the RHCP electromagnetic 
20 radiation reflecting panel shown in Fig. 14, and its response to both 
RHCP and LHCP electromagnetic radiation incident thereto when 
operated in its radiation transmission state; 

Fig. 14H is a schematic representation of the electromagnetic 
radiation transmission characteristics of the RHCP electromagnetic 
2 5 radiation reflecting panel of Fig. 14, over its broadband range of 

OpCrntlOn ^^transmission' 

when operated in its radiation transmission state; 
Fig. 15 A is a schematic diagram illustrating the operation of the 
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intelligent electro-optical window of Fig. 14, where the control 
voltages provided to both LHCP and RHCP electromagnetic radiation 
reflecting panels are selected so that the window panel is switched 
into its the optically opaque state of operation; 
5 Fig. 15B is a schematic diagram illustrating the operation of the 

intelligent electro-optical window of Fig. 14, where the control 
voltages provided to both RHCP electromagnetic radiation reflecting 
panels are selected so that the window panel is switched into its the 
optically transparent (i.e. clear) state of operation; 
1 0 Fig. 16A is a schematic diagram of a second, alternative 

embodiment of the electrically-switchable broad-band CLC panel of 
Fig. 14, showing a portion of un-polarized light being polarized in a 
first polarization state and reflected off CLC microflakes (i.e. CLC 
pigments) that are oriented in a parallel manner within electrically- 

1 5 active host nematic liquid crystal molecules homogeneously aligned 

between a pair of ITO coated plates, across which no control voltage 
is applied, while a second portion of the un-polarized light is 
polarized in a second polarization state and transmitted through the 
oriented CLC microflakes; 

2 0 Fig. 16B is a schematic diagram of the second embodiment of 

the electrically-switchable broad-band CLC panel of Fig. 14, showing 
the un-polarized light being transmitted between CLC microflakes 
that are oriented in a vertical manner within ' electrically-active host 
nematic liquid crystal molecules homotropically aligned between a 
2 5 pair of ITO coated plates, across which a control voltage is applied; 

Figs. 17A and 17B show a first illustrative embodiment of an 
electrically-controllable light scattering structure mountable to any 
embodiment of the electro-optical glazing structure of the invention 
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disclosed or taught herein in order to scatter that portion of incident 
light which is not reflected during its reflection-mode of operation, 
thereby improving the privacy function of the glazing structure in 
the reflection mode; 

5 Figs. 18A and 18B show a second illustrative embodiment of an 

electrically-controllable light scattering structure mountable to any 
embodiment of the electro-optical glazing structure of the invention 
disclosed or taught herein in order to reflect that portion of incident 
light which is not reflected during its reflection-mode of operation, 
1 0 thereby improving the privacy function of the glazing structure in 

the reflection mode; 

Fig. 18C shows a third illustrative embodiment of an 
electrically-controllable light scattering structure mountable to any 
embodiment of the electro-optical glazing structure of the invention 

1 5 disclosed or taught herein in order to scatter that portion of incident 

light which is not reflected during its reflection-mode of operation, 
thereby improving the privacy function of the glazing structure in 
the reflection mode; 

Fig. 19 shows a fourth illustrative embodiment of an 
20 electrically-controllable light scattering structure mountable to any 

embodiment of the electro-optical glazing structure of the invention 
disclosed or taught herein in order to scatter that portion of incident 
light which is not reflected during its reflection-mode of operation, 
thereby improving the privacy function of the glazing structure in 

2 5 the reflection mode; 

Fig. 19A shows the electro-optical light scattering structure of 
Fig. 19 operated in its transmission mode, wherein no external 
voltage is applied (i.e. V=Vpff); 
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Figs. 19B and 19C show transmission and reflection 
characteristics for the mode of operation indicated in Fig. 19A; 

Fig. 19D shows the electro-optical light scattering structure of 
Fig. 19 operated in its light scattering mode, wherein an external 
5 voltage V is applied across the ITO surfaces (i.e. V=V )• 

Figs. 19n and 19F show transmission and reflection 
characteristics for the mode of operation indicated in Fig. 19D; 

Fig. 20 shows a fifth illustrative embodiment of an electrically- 
controllable light scattering structure mountable to any embodiment 
10 of the electro-optical glazing structure of the invention disclosed or 

taught herein in order la scatter that portion of incident light which 
is not reflected during iis reflection-mode of operation, thereby 
improving the pnvac> function of the glazing structure in the 
reflection mode; 

1 5 Fig. 20A shows the electro-optical light scattering structure of 

Fig. 20 operated in iis lighi scattering mode, wherein no external 
voltage is applied (i.e. V=V^^^^); 

Figs. 20B and 20C show transmission and reflection 
characteristics for the mode of operation indicated in Fig. 20A; 

2 0 Fig. 20D shows ihc electro-optical light scattering structure of 

Fig. 20 operated in its light transmission mode, wherein an external 
voltage V is applied across the ITO surfaces (i.e. V=Vq^); 

Figs. 20E and 20F show transmission and reflection 
characteristics for the mode of operation indicated in Fig. 20D; 
2 5 Figs. 21 through 2 IF provide a generalized description of the 

illustrative embodiment disclosed in Figs. 6 and 8, wherein the 
electrically-passive broad-band polarizing layers have different 
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handedness in both the circularly polarizing (RHCP/LHCP) and 
linearly polarizing (LP1/LP2) system configurations; 

Figs. 22 through 22F provide a generalized description of the 
illustrative embodiments disclosed in Figs, 2 and 4, wherein the 
5 electrically-passive broad-band polarizing layers have the same 

handedness in both the circularly polarizing (LHCP/LHCP or 
RHCP/RHCP) and linearly polarizing (LP 1 /LP 1' or LP2/LP2) system 
configurations. 

Figs. 23 through 23F provide a generalized description of the 
10 illustrative embodiment disclosed in Figs. 14 through 15B, wherein 

the electrically-active broad-band polarizing layers have a different 
handedness in the circularly polarizing (LHCP/LHCP or RHCP/RHCP) 
system configurations, and there is no optically active element 
disposed between the electrically-active polarizing layers; 

1 5 Fig. 24 shows an illustrative embodiment of the electro-optical 

glazing structure of the present invention comprising (1) a pair of 
electrically-passive broadband IR reflective polarizing panels for 
reflecting incident LHCP and RHCP light within the broad IR band and 
transmitting all other components of light, and (2) an electrically- 
20 controlled light scattering panel for selectively scattering light over 

the visible band (when no external voltage is applied) so as to render 
the resulting glazing structure opaque to provide privacy behind the 
window structure into which it is installed; 

Fig. 24A shows the electro-optical glazing structure of Fig. 24 

2 5 operated in scattering mode, wherein no external voltage (i.e. V=Y^^^) 

is applied to the electrically-controlled scattering panel; 

Figs. 24B and 24C show transmission and reflection 
characteristics for the mode of operation shown in Fig. 24A; 
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Fig. 24D shows the electro-optical light glazing structure of Fig. 
24 operated in its total-transmission mode, wherein an external 

L 

voltage V (i.e. V=V^^) is applied to electrically-controlled light 
scattering panel; 

Figs. 24E and 24F show the transmission and reflection 
characteristics for the mode of operation shown in Fig. 24D; 

Fig. 25 shows an other illustrative embodiment of the electro- 
optical glazing structure of the present invention which is the reverse 
mode of the electro-optical glazing structure shown in Fig, 24; 

Fig. 25A shows the electro-optical glazing structure of Fig. 25 
operated in its light transmission mode, wherein no external voltage 
(i.e. V=V^^^) is applied to the electrically-controlled scattering panel; 

Figs. 25B and 25C show transmission and reflection 
characteristics for the mode of operation shown in Fig. 25A; 

Fig. 25D shows the electro-optical light glazing structure of Fig. 
24 operated in its light scattering mode, wherein an external voltage 
V (i.e. V=Vqj^) is applied to electrically-controlled light scattering 
panel; 

Figs. 25E and 25F show transmission and reflection 
characteristics for the mode of operation shown in Fig. 25D; 

Fig. 26 shows another embodiment of the electro-optical glazing 
structure of the present invention constructed by adding the broad- 
band IR filter panel shown in Figs. 24 and 25, to the electro-optical 
glazing structure shown in Fig. 22, wherein the broadband polarizing 
panels are each of the same handedness (e.g. RHCP/RHCP or 
LPl/LPl); 

Fig. 26A shows the electro-optical glazing structure of Fig. 26 
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operated in its total-transmission mode, wherein no external voltage 
(i.e. V=:V^^f) is applied to the n phase shifting panel disposed between 
the pair of broadband polarizing reflective panels thereof; 
Figs. 26B and 26C show transmission and reflection 
5 characteristics for the mode of operation shown in Fig. 26A; 

Fig. 26D shows the electro-optical light glazing structure of Fig. 
26 operated in its partial-reflection/transmission mode, wherein an 
external voltage V (i.e. V=V^j^) is applied to the k phase shifting panel 

disposed between the pair of broadband polarizing reflective panels 

1 0 thereof; 

Figs. 26n and 26F show the transmission and reflection 
characteristics for ilic mode of operation shown in Fig. 26D; 

Fig. 27 shous another embodiment of the electro-optical glazing 
structure of the present invention which operates in the "reverse" 
15 mode of the gla/ing structure of Fig. 26, and is constructed by adding 

the broad-band IR filter panel shown in Figs. 24 and 25, to the 
electro-optical glazing structure shown in Fig. 21, wherein the 
broadband polarizing panels are each of different handedness (e.g. 
RHCP/LHCP or LP1/LP2); 

2 0 Fig. 27 A shows the electro-optical glazing structure of Fig. 27 

operated in its partial -reflection/transmission mode, wherein no 
external voltage (i.e. V=V^^^^) is applied to the tc phase shifting panel 

disposed between the pair of broadband polarizing reflective panels 
thereof; 

2 5 Figs. 27B and 27C show transmission and reflection 

characteristics for the mode of operation shown in Fig. 27A; 

Fig. 27D shows the electro-optical light glazing structure of Fig. 
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27 operated in its total-reflection mode, wherein an external voltage 
V (i.e. V=Vq„) is applied to the n phase shifting panel disposed 
between the pair of broadband polarizing reflective panels thereof; 

Figs. 27E and 27F show transmission and reflection 
characteristics for the mode of operation shown in Fig. 27D; 

Fig. 28 shows another embodiment of the electro-optical glazing 
structure of the present invention constructed by adding the broad- 
band IR filter panel shown in Figs. 24 and 25, to the electro-optical 
glazing structure shown in Fig. 23, wherein the electrically-active 
broadband polarizing panels thereof are each of different handedness 
(i.e. RHCP/LHCP); 

Fig. 28A shows the electro-optical glazing structure of Fig. 28 
operated in its total-reflection mode, wherein no external voltage (i.e. 
^ = ^ofr) applied to the electrically-active circularly-polarizing 
reflective panels thereof; 

Figs. 28B and 28C show transmission and reflection 
characteristics for the mode of operation shown in Fig. 28A; 

Fig. 28D shows the electro-optical light glazing structure of Fig. 
26 operated in its total-transmission mode, wherein an external 
voltage V (i.e. V=V^J is applied to the electrically-active circularly- 
polarizing reflective panels thereof; 

Figs. 28E and 28F shows transmission and reflection 
characteristics for the mode of operation shown in Fig. 28D; 

Figs. 29 A through 29C show a broad-band reflector for use in 
constructing broad-band circularly (and linearly) polarizing reflective 
panels employed in any one of embodiments of the electro-optical 
glazing panel hereof. 
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BEST MODF FMBOPrMFNTS OF THF. PRESENT TNVRNTTnN 

Referring now to the accompanying Drawings, the illustrative 
embodiments of the intelligent electro-optical window of the present 
invention will be described in great detail. In each of the figures, 
like structures and elements shall be indicated by like reference 
numerals. 

In Figs. lA and IB, a generalized embodiment of the intelligent 
electro-optical glazing structure (i.e. window structure) of the present 
invention is shown installed within an environment (e.g. building or 
vehicle) having an interior space or volume adjacent the window 
structure. Typically, the interior space or volume functions as a 
form of human habitat, although there may be applications in which 
this is not the case. Preferably, the intelligent electro-optical 
window structure 1 cooperates with the heating/cooling system 2A 
of a house, office building, factory or vehicle indicated by reference 
numeral 2. In such preferred applications, the function of the 
electro-optical window structure will be to selectively control the 
flow of electromagnetic radiation through its electro-optical glazing 
structure and into the interior space, in order to minimize or reduce 
thermal loading upon the heating/cooling system of the environment. 

As shown in Figs. lA and IB, the electro-optical glazing 
structure 1 comprises an electro-optical glazing panel 3 securely 
supported within a prefabricated window frame 4 which can be 
realized using virtually any suitable material such as, for example, 
plastic, metal, rubber, wood or composite material. Within the 
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window frame, a number of system subcomponents are securely 
mounted, namely: a electromagnetic-radiation sensor 5 for sensing 
electromagnetic conditions in the outside environment; a 
rechargeable-type battery 6 for producing electrical power within 
the window frame; a electromagnetic-powered battery recharger 7 
for recharging the rechargeable battery 6; a micro-controller (e.o 
RISC-type micro-computer chip with , onboard ROM, EPROM and RAM) 
8 for controlling the battery recharger and glazing control signals as 
required by a radiation flow control program stored within the 
micro-computer chip; and electrical circuitry 9, response to glazing 
control signals, for producing control voltages that are applied to the 
electrically-active elements of the electro-optical glazing structure 3 
to electrically switch the same from one optical state to another 
optical state under microcontroller control. 

As shown in Fig. 1, when a first set of preprogrammed 
electromagnetic conditions (e.g. a first prespecified band of 
electromagnetic radiation having power above a first prespecified 
power threshold) is detected by electromagnetic-radiation sensor, the 
electro-optical glazing structure 3 is electrically switched to its 
totally-reflecting state of operation under the control of 
preprogrammed microcontroller 8. In this totally-reflecting state of 
operation, visible and electromagnetic radiation is completely 
reflected off the glazing structure over a broad band of spectral 
wavelengths (e.g. 400 to 750 nanometers). 

As shown in Fig. IB, when a second set of preprogrammed 
electromagnetic conditions (e.g. a second prespecified band of 
electromagnetic radiation having power above a second prespecified 
power threshold) is detected by electromagnetic-radiation sensor, the 
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electro-optical glazing structure 3 is electrically switched to its 
transmission state of operation under the control of preprogrammed 
microcontroller 8. In this transmission state, visible and 
electromagnetic radiation is transmitted through the electro-optical 
glazing structure over a broad band of spectral wavelengths (e.g. 300 
to 1000 nanometers). 

While only two particular reflection/transmission states are 
illustrated in the above generalized embodiment, it is understood 
that virtually any set of reflection/transmission characteristics can 
be realized by the window structure of the present invention. In 
each such alternative embodiment, a particular set of conditions can 
be predefined to trigger a change in the optical state of the electro- 
optical glazing structure of the present invention. Then 
microcontroller is programmed to switch the optical state of the 
glazing structure upon detecting the corresponding condition. In 
alternative embodiments, the environmental condition or conditions 
which cause a switching operation, need not be related to 
electromagnetic radiation, but may be related to moisture, 
barometric pressure, temperature, or any other parameter 
prespecified within the programmed microcontroller 8. 

While in theory there exists an infinite number of 
embodiments of the electro-optical glazing structure of the present 
invention, six different embodiments of the electro-optical glazing 
structure will be described in detail below in order to illustrate the 
inventive features thereof. Notably, each electro-optical glazing 
structure of the present invention is realized using CLC material 
having polarization-selective reflection characteristics over a broad- 
band of operation (i.e. selectively reflecting and/or transmitting RHCP 
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and LHCP wavelengths over the IR, visible and UV portions of the 
electromagnetic spectrum). An excellent tutorial and overview on 
the polarization-reflective properties of CLC materials and principles 
of polarization state conversion (i.e. linear-to-circular, circular-to- 
5 linear, linear- to-linear, circular-to-circular, unpolarized-to-linear, 

and unpolarized-to-circular) can be found in Applicant's US Patent 
No. 5,221,982, incorporated herein by reference in its entirety. 

By virtue of such ultra broad-band operating characteristics of 
the electro-optical glazing material hereof, and the novel panel 
1 0 configurations disclosed herein, it is now possible to provide a level 

of electromagnetic radiation control hitherto unattainable by prior 
art smart window systems and methodologies. 



First Illustrative Embodiment Of The Electro-Optical Glazing Structure 
1 5 Of The Present Invention 



The first illustrative embodiment of the electro-optical glazing 
structure hereof will be described with reference to Figs. 2 through 
3B. As shown in Fig. 2, the electro-optical glazing structure of the 
2 0 first illustrative embodiment 10 comprises: an electrically-active k- 

phase retardation panel 11 interposed between a pair of electrically- 
passive right-hand circularly polarized (RHCP) electromagnetic 
radiation reflecting panels 12A and 12B, respectively, for imparting a 
K-phase retardation to electromagnetic radiation transmitted 

2 5 therethrough in response to optical-state control voltages applied 

across the electrically-active 7t-phase retardation panel 11; and 

electrically conductive means 13 for applying optical-state control 
voltages to the electrically-active 7t-phase retardation panel 11, 
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Preferably, the electro-optical glazing structure of Fig 2 is inounted 
within a frame structure as described in connection with the 
generalized embodiment shown in Figs. lA and IB, and incorporates 
all of the power generation, electromagnetic radiation detection and 
micro-control mechanisms thereof. 

As illustrated in Figs. 2A and 2B, electromagnetic radiation 
having a RHCP polarization state and a wavelength inside the 
characteristic reflection bandwidth AX,^"^^|^„„ of the RHCP 
electromagnetic radiation reflecting panels 12A (12B) is 100% 
reflected directly therefrom without absorption, while 
electromagnetic radiation having either a LHCP polarization state 
and/or a wavelength outside the characteristic reflection bandwidth 
^K^Zon of the RHCP electromagnetic radiation reflecting panels 12A 
(12B) is transmitted 100% directly therethrough without absorption. 
Such electrically-passive, broad-band RHCP electromagnetic radiation 
reflecting panels can be made using the fabrication methods 
disclosed in InternationaL Publication No. WO 97/16762 entitled 
"Super Broad-Band Polarizing Reflective Material" incorporated 
herein by reference in its entirety. Alternatively, narrow-band 
RHCP electromagnetic radiation reflecting panels 12A (12B) can be 
made using the fabrication methods disclosed in US Patent No. 
5,221,982 to Paris, or using the techniques disclosed in US Patent No. 
5,506,704 to Broer, et al. each being incorporated herein by reference 
in its entirety. 

There are a number of different ways in which to fabricate 
broad-band electromagnetic radiation reflecting panels 12A (12B) 
using the super broad-band, broad-band, narrow-band and 
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Spectrally-tunable CLC films taught in the-~-above-cited references. 

For example, broad-band circularly polarizing reflective panels 
12A (12B) can be fabricated by producing sheets of such CLC film 
and then laminating the CLC film sheets onto a surface of glass or like 
5 substrate material physically associated with the electrically- 

switchable 7c-retardation panel 1 1 interposed between the circularly 
polarizing CLC panels, as shown in Figs. 2, 4, and 6, in particular. 
Notably, using the spectral-tuning techniques disclosed in detail in 
International Publication No. WO 97/16762, the CLC film hereof can 

10 be fabricated to have virtually any desired set of polarization 

reflection characteristics that would required by any particular 
application over a super broad-band of operation (e.g. from the UV 
region to the IR region of the electromagnetic spectrum). 

Alternatively, sheets of super-broad-band, broad-band, 

1 5 narrow-band and/or spectrally-tuned CLC film can be produced as 

taught in the above references, and thereafter fragmented into 
microscopic sized CLC microflakes using film fragmentation 
techniques taught in US Patent No. 5,364,557. Then the CLC 
microflakes can be added to an optically transparent carrier fluid to 

20 produce a CLC ink or paint that can then be applied to the exterior 

surfaces of the glass substrates used to construct the electrically- 
switchable tz retardation panel component of electro-optical glazing 

structures, of the type shown in Figs. 2, 4 and 6, for example. The 
concentration of the CLC microflakes and the viscosity of the carrier 
25 medium (e.g. lacquer, polymer, etc.) should be selected to ensure that 

when the coating of the CLC ink or paint is applied to a substrate, the 
CLC microflakes will be distributed within the carrier medium so that 
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incident light reflects from the resulting CLC coating in a non- 
specular manner. This will ensure that the resulting coating 
produces a "super-white" appearance in the eyes of on-viewers, 
providing a high measure of privacy, as well as aesthetic value, 
highly desired in window applications. 

In the illustrative embodiment of the glazing structure of Fig. 2, 
the characteristic reflection bandwidth AX^^^ of the RHCP 
electromagnetic radiation reflecting panel 12A is designed to be 
substantially the same as characteristic reflection bandwidth AX^- 
of the LHCP electromagnetic radiation reflecting panel 12B. It is 
understood, however, that in alternative embodiments of the present 
invention, such reflection bandwidth characteristics may be 
specifically designed to partially overlap, or be separated from each 
other on the wavelength (i.e. frequency) domain in to provide 
desired reflection/transmission performance characteristics. 

In general, a ;r-cell (i.e. -retardation panel) or an electrically- 
controlled birefrigence (ECB) panel can be used to realize the 
electrically-switchable .-phase retardation panel II employed in 
the circularly polarizing reflective glazing structures of Figs. 2, 4 and 
6 hereof. Preferably, the techniques disclosed in US Patent No. 
4,566,758 to Bos, incorporated herein by reference, are used to 
fabricate such electrically-switchable rr-phase retardation panels 
11. For most applications, the bandwidth of prior art u-cells should 
be sufficient to provide glazing structures having operating 
characteristics over the visible portion of the electromagnetic 
spectrum. However, in some instances, it will be desirable to provide 
electro-optical glazing structures having super broad-band operation 
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(i.e. from the IR region into the UV region of the spectrum). In such 
applications, it will be necessary to extend the 7r-phase retardation 
characteristics of the electrically-switchable 7c-phase retardation 
panel beyond the visible band. The following technique may be used 
to construct electrically-active (switchable) 7c-retardation panels 
capable of super broad-band operation. / 

As shown in Fig. 2E, an electrically-switchable super 
broadband tt -retardation panel can be constructed by interposing an 

electrically-active str ucture^Jmear^ polarization direction rotating 
panel ^"such as T^J^^^^ between a pair of electrically- 

passive super broad-band 7C/2 retardation panels (shifters). As 
shown in Fig. 2F, each super broad-band tc/ 2 -retardation panel is 
made by laminating, or depositing two or more broad-band or 
narrow-band 71/2 retardation layers, each made from different 

material and having 7r/2 phase retardation characteristics centered 

about at different wavelength, as schematically shown in Fig. 2G. 

These subcomponent broad-band or narrow-band 7i/2 retardation 

layers can be made from liquid crystal material, birefringent 
polymer, and crystals. 

The function of each electrically-passive super-broad-band 7c/2 

retardation panel is to conv^rL_cijmIarly_polarized light into linearly 




polfarized— Hg-ht-^wh lch can be polarization direction rotated by the ^ 
electrically switchable TN, or STN, or CLC cell sandwiched between 

the^"'pair^f super "bromMrand nil refm*'da:tr(jn~lH7ers: — The— function of 

I — — 

the TN (twist nematic), or STN (super twist nematic), or CLC cell is to 
operate as an electrically-switchable optical rotator which rotates a 
linear polarization light by 90° when there is no electric field is 
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applied across its ITO surfaces. If an electric field is applied, the 
optical rotation power of the elements disappears. This control over 
the electric field allows the glazing structure to be switched from its 
total reflection state to its half reflection state, or vice versa. When 
the electrically-switchable polarization direction rotator is made from 
low-molecular weight (LMW) liquid crystal material having a chiral 
phase when no voltage is applied, then its selective wavelength of 
the should be located outside the window operating spectrum region. 
By controlling the helix of the CLC molecules in the chiral phase, as 
well as the total thickness thereof, a 90° rotation of a linear 
polarization can be achieved. 

In general, there are two different ways to configure 
electrically-switchable n retardation panel 11 in terms of external 

control voltages. In Figs. 2C and 2D, these configurations are 
specified. 

In Fig. 2C, the first embodiment of the Tt-phase retardation 
panel 11 is shown along with a specification of its various states of 
operation. As shown, when a non-zero voltage (e.g. 20 Volts) is 
applied across the phase retardation panel, 0-phase retardation is 
imparted to electromagnetic radiation transmitted therethrough. 
When a control voltage of zero volts is applied across the phase 
retardation panel, it imparts a 7c-phase retardation to electromagnetic 
radiation transmitted therethrough having a wavelength within its 
operating band AX.which is typically 300-1000 nanometers. 

In Fig. 2D, a second embodiment of the 7t-phase retardation 
panel is shown along with a specification of its states of operation. 
As shown, when a control voltage of zero volts is applied across this 
retardation panel, it imparts a O-phase shift to electromagnetic 
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radiation having a wavelength within its operating band which is 
typically 350 nanometers, whereas 7t-phase retardation is imparted 
to such electromagnetic radiation when a non-zero voltage (e.g. 5-50 
Volts) is applied thereacross. For wavelengths outside of the 
operating band, a phase shift other than Tc-radians is imparted to 

incident electromagnetic radiation when a non-zero voltage is 
applied. 

Physically interfacing the subcomponent panels of the electro- 
optical glazing structure of Fig. 2 can be achieved using conventional 
lamination techniques well known in the glazing art. 

The opcratii.n of the glazing structure of Fig. 2 will now be 
described with rck-rcn.c t». Figs. 3A and SB, where the 7t-phase 

retardation panel ..I l i- 2C is used in the construction of the glazing 
structure. 

As shown III the electro-optical glazing structure of Fig. 

2 is switched to its optically opaque state of operation by applying 
the appropriate control voltage thereacross (e.g. V= 0 Volts). In this 
optical state, the cIcctrD-opiical glazing structure reflects both LHCP 
and RHCP electromagnetic radiation within Al,^"".„„ incident the 

window panel independent of the direction of propagation. As such, 
the operation of thi.s particular electro-optical glazing structure is 
"symmetrical". The phy.sical mechanisms associated with such 
reflection processes arc schematically illustrated in Fig. 3A. 
Inasmuch as 100% of incident electromagnetic radiation is reflected 
from the surface of the electro-optical glazing structure, this glazing 
structure is "totally reflective" in this state of operation. 

As shown in Fig. 3B, the electro-optical glazing structure of Fig. 
2 is switched to its optically semi-transparent (i.e. semi-clear state) 
of operation by applying the appropriate control voltage thereacross 
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(e.g. V=20 Volts). In this optical .state, the electro-optical glazing 
structure reflects RHCP electromagnetic radiation within A^l'"" 

reflection 

incident the window panel independent of the direction of 
propagation, while transmitting LHCP electromagnetic radiation 
falling incident the window panel independent of the direction of 
electromagnetic radiation propagation. The physical mechanisms 
associated with such reflection and transmission processes are 
schematically illustrated in Fig. 3A. Inasmuch as 50% of incident 
electromagnetic radiation is transmitted through the electro-optical 
glazing structure, while 50% of such electromagnetic radiation is 
reflected therefrom, this glazing structure can be said to " partially 
transmissive" in this state of operation. 

Second Illustrative Embodiment Of The F.lpctro-Op tir^l nu-.i,.cr 
Structure Of The Present Invention 

The second illustrative embodiment of the electro-optical 
glazing structure hereof will be described with reference to Figs. 4 
through 5B. As shown in Fig. 4, the electro-optical glazing 

structure of the second illustrative embodiment 14 comprises: an 
electrically-active (i.e. switchable) n: -phase retardation panel 11 
interposed between a pair of electrically-passive left-hand circularly 
polarizing (LHCP) electromagnetic radiation reflecting panels 15A and 
15B , respectively; and electrically conductive means 16 for applying 
optical-state control voltages to the electrically-active 7c-phase 
retardation panel 11. Preferably, the electro-optical glazing structure 
of Fig 4 is mounted within a frame structure as described in 
connection with the generalized embodiment shown in Figs. lA and 
IB, and incorporates all of the power generation, electromagnetic 
radiation detection and micro-control mechanisms thereof. 
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As illustrated in Figs. 4A and 4B, electromagnetic radiation 
having a LHCP polarization state and a wavelength inside the 
characteristic reflection bandwidth A^J;"^^^^^^ of the LHCP 

electromagnetic radiation reflecting panels 15A, 15B is reflected 
directly therefrom without absorption, while electromagnetic 
radiation having either a RHCP polarization state and/or a 
wavelength outside the characteristic reflection bandwidth A>.^^"^^Ji^^ of 

the LHCP electromagnetic radiation reflecting panels is transmitted 
directly therethrough without absorption. Such electrically-passive, 
broad-band LHCP electromagnetic radiation reflecting panels can be 
made using the fabrication methods disclosed in International 
Publication No. WO 97/16762, supra. In the preferred embodiment, 
the broad-band RHCP electromagnetic radiation reflecting panels 12A 
(12B) are fabricating by applying a coating of CLC-based ink (with 
suspended CLC flakes therein) onto a conventional glass panel, as 
taught in International Publication No. WO 97/16762, supra. 
Alternatively, narrow-band RHCP electromagnetic radiation 
reflecting panels can be made using the fabrication methods 
disclosed in US Patent No. 5,506,704 to Broer, et al, or the methods 
disclosed in US Patent No. 5,221,982 to Paris. 

Physically interfacing panels 11, 15 A and 15B of the electro- 
optical glazing structure of Fig. 4 can be achieved using conventional 
lamination techniques well known in the glazing art. 

In the illustrative embodiment of the glazing structure of Fig. 4, 
characteristic reflection bandwidth A>.[;"^'|,^„ of the LHCP 

electromagnetic radiation reflecting panel 15 A is designed to be 
substantially the same as characteristic reflection bandwidth ^'^^^nzLon 
of the LHCP electromagnetic radiation reflecting panel 15B. It is 
understood, however, that in alternative embodiments of the present 
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invention, such reflection characteristics may be specifically designe 
to partially overlap, or be separated from each other on the 
wavelength (i.e. frequency) domain in to provide desired 
reflection/transmission performance characteristics. 

The electrically-active 7C-retardation panel 1 1 can be 
constructed using any of the techniques described in detail above. 

The operation of the glazing structure of Fig. 4 will now be 
described with reference to Figs. 5A and 5B, where the 7u-phase 

retardation panel 11 of Fig, 2C is used in the construction of the 
glazing structure. 

As shown in Fig. 5A, the electro-optical glazing structure of Fig 
4 is switched to its optically opaque state of operation by applying 
the appropriate control voltage thereacross (i.e. V= 0 Volts). In this 
optical state, the electro-optical glazing structure 14 reflects both 
LHCP and RHCP electromagnetic radiation within Al^^^,^^^ incident the 
window panel, independent of its direction of propagation. As such, 
the operation of this particular electro-optical glazing structure is 
"symmetrical". The physical mechanisms associated with such 
reflection processes are schematically illustrated in Fig. 5A. 
Inasmuch as 100% of incident electromagnetic radiation is reflected 
from the surface of the electro-optical glazing structure, this glazing 
structure is "totally reflective" in this state of operation. 

As shown in Fig. 5B, the electro-optical glazing structure of Fig. 
4 is switched to its optically semi-transparent (i.e. semi-clear state) 
of operation by applying the appropriate control voltage thereacross 
(i.e. V= 20 Volts). In this optical state, the electro-optical glazing 
structure 14 reflects LHCP electromagnetic radiation within Al|; 
incident the window panel, independent of its direction of 
propagation, while transmitting RHCP electromagnetic radiation 
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within ^K^Zon incident the window paneL independent of the 
direction of electromagnetic radiation propagation. As such, the 
operation of this particular electro-optical glazing structure is 
"symmetricar'. The physical mechanisms associated with such 
reflection and transmission processes are schematically illustrated in 
Fig. 5A. Inasmuch as 50% of incident electromagnetic radiation is 
transmitted through the electro-optical glazing structure, while 50% 
of such electromagnetic radiation is reflected therefrom, this glazing 
structure is "partially transmissive" in this state of operation. 

Third Illustrative Embodiment Of The Electro-Optical Glazing 
Structure Of The Present Invention 

The third illustrative embodiment of the electro-optical glazing 
structure hereof will be described with reference to Figs. 6 through 
7B. As shown in Fig. 6, the electro-optical glazing structure of the 
third illustrative embodiment 17 comprises: an electrically-active k- 

phase retardation panel 1 1 interposed between an electrically- 
passive LHCP electromagnetic radiation reflecting panel 18A and an 
electrically-passive RHCP electromagnetic radiation reflecting panel 
18B; and electrically conductive means 19 for applying optical-state 
control voltages to the electrically-agtive K-phase retardation panel 

11. Preferably, the electro-optical glazing structure of Fig 6 is 
mounted within a frame structure as described in connection with 
the generalized embodiment shown in Figs. lA and IB, and 
incorporates all of the power generation, electromagnetic radiation 
detection and micro-control mechanisms thereof. 

As illustrated in Figs. 6A and 6B, electromagnetic radiation 
having a LHCP polarization state and a wavelength inside the 
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characteristic reflection bandwidth of the LHCP 

electromagnetic radiation reflecting panel 18A is reflected directly 
therefrom without absorption, while electromagnetic radiation 
having either a RHCP polarization state and/or a wavelength outside 
5 the characteristic reflection band M^^^l^, of the LHCP electromagnetic 

radiation reflecting panel is transmitted directly therethrough 
without absorption. In the preferred embodiment, the broad-band 
RHCP electromagnetic radiation reflecting panels 18A are fabricating 
by applying a coating of CLC-based ink (with suspended CLC flakes 
1 0 therein) onto a conventional glass panel, as taught in International 

Publication No. WO 97/16762, and described hereinabove. 
Alternatively, narrow-band RHCP electromagnetic radiation reflecting 
panels 18A can be made using the fabrication methods disclosed in 
US Patent No. 5,221,982 to Paris, and while less preferred, using the 

1 5 methods disclosed in US Patent No. 5,506,704 to Broer, et al. 

As illustrated in Figs. 6C and 6D, electromagnetic radiation 
having a RHCP polarization state and a wavelength inside the 
characteristic reflection bandwidth AX^^"^|^^„ of the RHCP 

electromagnetic radiation reflecting panel 18B is reflected directly 

2 0 therefrom without absorption, while electromagnetic radiation 

having either a LHCP polarization state and/or a wavelength outside 
the characteristic reflection bandwidth A^^"^^-^„ of the RHCP 

electromagnetic radiation reflecting panel is transmitted directly 
therethrough without absorption. In the preferred embodiment, the 
2 5 broad-band RHCP electromagnetic radiation reflecting panels 18B are 

fabricating by applying a coating of CLC-based ink (with suspended 
CLC flakes therein) onto a conventional glass panel, as taught in 
International Publication No. WO 97/16762, and described 
hereinabove. Alternatively, narrow-band RHCP electromagnetic 
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radiation reflecting panels I8B can be made using the fabrication 
methods disclosed in US Patent No. 5,221,982 to Paris, and using the 
less preferred techniques disclosed in US Patent No. 5,506,704 to 
Broer, et al. 

In the illustrative embodiment of the glazing structure of Fig. 6, 
characteristic reflection bandwidth aC1„ of the RHCP 
electromagnetic radiation reflecting panel 18B is designed to be 
substantially the same as characteristic reflection bandwidth Al^"^" 

reficction 

of the LHCP electromagnetic radiation reflecting panel 18A. It is 
understood, however, that in alternative embodiments of the present 
invention, such reflection bandwidth characteristics may be 
specifically designed to partially overlap, or be separated from each 
other on the wavelength (i.e. frequency) domain in to provide 
desired reflection/transmission performance characteristics. 

Electrically-active n retardation panel 11 can be realized using 
any of the construction techniques described in detail above. 
Physically interfacing panels 11, 18A and 18B of the electro-optical 
glazing structure of Fig. 6 can be achieved using conventional 
lamination techniques well known in the glazing art. 

The operation of the glazing structure of Fig. 6 will now be 
described with reference to Figs. 7A and 7B, where the 7t-phase 
retardation panel 1 1 of Fig. 2C is used in the construction of the 
glazing structure. 

As shown in Fig. 7A, the electro-optical glazing structure of Fig. 
6 is switched to its semi-optically transparent (i.e. clear) state of 
operation by applying the appropriate control voltage thereacross 
(i.e. V= 0 Volts). In this optical state, the electro-optical glazing 
structure reflects LHCP electromagnetic radiation within A^*^ 
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incident on the LHCP electromagnetic radiation reflecting panel 18A 
of the window panel, while transmitting RHCP electromagnetic 
radiation within Al!;Zo. incident thereto and converting the same 
into LHCP electromagnetic radiation by the rc-phase shifter as it 
emanates from the RHCP electromagnetic radiation reflecting panel 
18B. In this optical state, the electro-optical glazing structure reflects 
RHCP electromagnetic radiation within incident on the RHCP 

electromagnetic radiation reflecting panel 18B of the window panel, 
while transmitting LHCP electromagnetic radiation within A^l""^" 

renection 

incident thereto and converting the same into RHCP electromagnetic 
radiation as it emanates from the LHCP electromagnetic radiation 
reflecting panel ISA. As such, the operation of this particular 
electro-optical glazing structure is "assymmetrical". The physical 
mechanisms associated with such reflection and transmission- 
reflection processes are schematically illustrated in Fig. 7A in great 
detail. Inasmuch as 50% of incident electromagnetic radiation is 
transmitted through the electro-optical glazing structure, while 50% 
of such electromagnetic radiation is reflected therefrom, this glazing 
structure is -partially transmissive" in this state of operation. 

As shown in Fig. 7B, the electro-optical glazing structure of Fig. 
6 is switched to its optically opaque state of operation by applying 
the appropriate control voltage thereacross (i.e. V= 20 Volts). In this 
optical state, the electro-optical glazing structure reflects LHCP and 
RHCP electromagnetic radiation within incident on the LHCP 

electromagnetic radiation reflecting panel of the window panel. In 
this optical state, the electro-optical glazing structure 17 also reflects 
RHCP and LHCP electromagnetic radiation within A\XL incident on 
the RHCP electromagnetic radiation reflecting panel 18B of the 
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window panel. As such, the operation of this particular electro- 
optical glazing structure is "symmetricar'. The physical mechanisms 
associated with such reflection and transmission-reflection processes . 
are schematically illustrated in Fig. 7B in great detail. Inasmuch as 
5 100% of incident electromagnetic radiation is reflected from the 

surface of the electro-optical glazing structure, this glazing structure 
is "totally reflective" in this state of operation. 

Fourth Illustrative Embodiment Of The Electro-Optical Glazing 

1 0 Structure Of The Present Invention 

The fourth illustrative embodiment of the electro-optical 
glazing structure hereof will be described with reference to Figs. 8 
through 9B. As shown in Fig. 8, the electro-optical glazing 

15 structure of the fourth illustrative embodiment 19 comprises: an 

electrically-passive linear polarization direction rotating panel 19C 
interposed between a first electrically-active linearly polarizing 
electromagnetic radiation reflecting panel 19A having linearly 
polarization state LPl, and a second electrically-active LHCP 

20 electromagnetic radiation reflecting panel 19C having linearly 

polarization state LP2, orthogonal to LPl or parallel; and electrically 
conductive means 19D for applying optical-state control voltages to 
the electrically-active LHCP electromagnetic radiation reflecting 
panels 19B and 19C. Preferably, the electro-optical glazing structure 

2 5 of Fig. 8 is mounted within a frame structure as described in 

connection with the generalized embodiment shown in Figs. lA and 
IB, and incorporates all of the power generation, electromagnetic 
radiation detection and micro-control mechanisms thereof. 

In Figs. 8A and 8B, the reflection characteristics of electrically- 
30 passive LPl electromagnetic radiation reflecting panel 19B are 
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illustrated. As shown, electromagnetic radiation having a LPl 
polarization state and a wavelength inside the characteristic 
reflection bandwidth A^-_ of the LPl electromagnetic radiation 
reflecting panel is reflected directly therefrom without absorption 
while electromagnetic radiation having either a LP2 polarization state 
and/or a wavelength outside the characteristic reflection bandwidth 
^^rtflLon of the LP2 electromagnetic radiation reflecting panel is 
transmitted directly therethrough without absorption. 

In Figs. 8C and 8D, the reflection characteristics of electrically- 
active LP2 electromagnetic radiation reflecting panel 19C are 
illustrated. As shown in Figs. 8C and 8D, electromagnetic radiation 
having a LPl polarization state and any wavelength within 
transmission bandwidth A^-_„ is transmitted directly through the 
glazing panel without absorption, while electromagnetic radiation 
having either a LP2 polarization state and/or a wavelength outside 
the characteristic reflection bandwidth AX- of the LP2 

electromagnetic radiation reflecting panel is transmitted directly 
therethrough without absorption. 

Electrically-passive LPl and LP2 polarization reflective panels 
19A and 19B can be made from super broad-band CLC film taught in 
International Publication No. WO 97/16762 by Reveo, Inc., and while 
less preferred, using the fabrication methods disclosed in US Patent 
No. 5,221,982 to Paris, and in US Patent No. 5,506,704 to Broer, et al, 
each of these references incorporated herein by reference in its 
entirety. These applications disclose how to make circulariy 
polarizing reflective CLC films. Such films can be converted into 
lineariy polarizing CLC Alms using the novel phase-retardation 
imparring techniques taught in great detail in International 
Application Serial No. PCT/US97/20091 entitled "Liquid Crystal Film 
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Structures With Phase-Retardation Surface Regions Formed Therein" 
by Reveo, Inc., incorporated herein by reference in its entirety. The 
methods taught therein allows one to make an electrically-passive, 
broad-band linear polarizing panel from a single layer of CLC film 
material, without laminating a 7c/2 phase-retardation panel to a layer 
of circularly polarizing CLC film. 

An alternative method of making broad-band linearly 
polarizing reflective panels 19A and 19B is disclosed in US Patent No. 
5,506,704 to Broer, et al. However, the fabrication techniques 
disclosed therein are less preferred than those taught in 
International Application Serial No. PCT/US97/20091, as the 
technique disclosed in US Patent No. 5,506,704 requires laminating a 
Kl2 phase retardation panel to a circularly polarizing CLC film layer, 
which complicates manufacture and increases manufacturing costs. 

The electronically-switchable linear polarization direction 
rotating panel 19C employed in the electro-optical glazing structure 
of Fig. 8 can be realized as an electrically-controlled birefrigence 
(ECB) cell, surface stabilized ferroelectric liquid crystal (SSFLC) cell, 
twisted nematic (TN) liquid crystal cell, super-twisted nematic (STN) 
liquid crystal cell, or CLC cell, whose operation is controlled by a 
control voltage well known in the art. To construct the linear 
polarization rotating cell 19C, a layer of liquid crystal material is 
contained between a spaced apart pair of glass panels bearing layers 
of ITO on the interior surfaces thereof, and rubbed polyimide to 
provide liquid crystal alignment in a manner well known in the art. 
The ITO layers are used to create the necessary voltage across the 
layer of liquid crystal material and align the liquid crystal molecules, 
thereby preventing rotation of the polarization direction of linearly 
polarized light being transmitted therethrough during operation of 
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the electro-optical glazing structure. 

Physically interfacing panels 19A, 19B and 19C of the electro- 
optical glazing structure of Fig. 8 can be achieved using conventional 
lamination techniques well known in the glazing art. 
5 The operation of the glazing structure of Fig. 8 will now be 

described with reference to Figs. 9 A and 9B. 

As shown in Fig. 9A, the electro-optical glazing structure of Fig. 
8 is switched to its optically opaque state of operation by not 
applying a control voltage thereacross (i.e. V=0). In this optical 
10 state, the electro-optical glazing structure 19 reflects LPl 

electromagnetic radiation within A?.!;^^^,,^^ incident on the LPl 
electromagnetic radiation reflecting panel without adsorption, while 
transmitting LP2- electromagnetic radiation within A^l;^^^,;^^ incident 
thereto without adsorption. Also in this optical state, the electro- 
15 optical glazing structure 19 reflects LP2 electromagnetic radiation 

within AXl;n;,,i„„ incident on the LP2 electromagnetic radiation 

reflecting panel without adsorption, while transmitting LPl 
electromagnetic radiation within AJlI;^;,,^^ incident thereto without 

adsorption. As such, the operation of this particular electro-optical 
20 glazing structure is "assymmetrical". The physical mechanisms 

associated with such reflection processes are schematically illustrated 
in Fig. 9A in great detail. Inasmuch as 50% of incident 
electromagnetic radiation is reflected from the electro-optical glazing 
structure and 50% of incident electromagnetic radiation is 
25 transmitted through the electro-optical glazing structure, this glazing 

structure is "partially reflective" in this state of operation. 

As shown in Fig. 9B, the electro-optical glazing structure of Fig. 
8 is switched to its optically transparent (i.e. clear) state of operation 
by applying the appropriate control voltage thereacross (i.e. V=l). In 
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this Optical state, the electro-optical glazing structure 19 reflects both 
LPl and LP2 electromagnetic radiation within AX^V and AX^^^ 

^ reneciion "'"^ ""'refleciion 

incident on either electromagnetic radiation reflecting panel of the 
window panel without adsorption, independent of the direction of 
propagation of the incident electromagnetic radiation. As such, the 
operation of this particular electro-optical glazing structure is 
"symmetrical". The physical mechanisms associated with such 
transmission processes are schematically illustrated in Fig. 9B in 
great detail. Inasmuch as 100% of incident electromagnetic radiation 
is transmitted through the electro-optical glazing structure, this 
glazing structure is "totally opaque" in this state of operation. 

The electro-optical i:la/.ing structure of Fig. 8 can be readily 
adapted to exhibit ".js> nimctrical" reflection/transmission 
characteristics over its broad-band of operation by tuning the 
spectral transmission characteristics of both the CLC-based LPl and 
LP2 electromagnetic radiation reflecting panels 19A and 19B of the 
illustrative emboditncni so that the spectral reflection (and 
transmission) bandwidth characteristics thereof are either 
completely or partially <»vcrlapping or are separated on the 
wavelength (i.e. frequency) domain. Using such CLC-tuning 
techniques, it is possible to create an electro-optical glazing structure 
having the construction of Fig. 8 which, when switched to its first 
optical state, is capable of totally reflecting electromagnetic radiation 
within a desired reflection band (e.g. within the ultraviolet and 
infrared bands) in a first direction defined with respect to the panel, 
and when switched to its second optical state, totally transmitting 
electromagnetic radiation within such reflection band. 
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Fifth Illustrative Embodiment Of The Klectro-Qpticnl Glazing StrnrturP 
Of The Present Invention 

The fifth illustrative embodiment of the electro-optical glazing 
5 structure hereof will be described with reference to Figs. 10 through 

11C2. 

As shown in Fig. 10, the electro-optical glazing structure of the 
fifth illustrative embodiment 20 comprises: an electrically-passive Jt- 
phase retardation panel 21 interposed between a first electrically- 

1 0 active LHCP electromagnetic radiation reflecting panel 22A and a 

second electrically-active LHCP electromagnetic radiation reflecting 
panel 22B; and electrically conductive means 23 for applying optical- 
state control voltages to the electrically-active LHCP electromagnetic 
radiation reflecting panels 22 A and 22B. Preferably, the electro- 

1 5 optical glazing structure of Fig 10 is mounted within a frame 

structure as described in connection with the generalized 
embodiment shown in Figs. lA and IB, and incorporates all of the 
power generation, electromagnetic radiation detection and micro- 
control mechanisms thereof. 



20 In Fig. IDA, electric al ly-active LHO>; ^lectromag netic radiation 

reflecti ng panel 22 A is shown operated in its electrically inactive 
st^te^(i.e. when V=0). As shown in Fig. IOC, electromagnetic 
r adiation ha yin g a L HCP polarization state and a wavelength inside 
the characteristic reflection bandwidth ^K^^Lon of the LHCP 

25 electromagnetic radiation reflecting panel is reflected directly 

therefrom without absorption, while electromagnetic radiation 
having either a RHCP polarization state and/or a wavelength outside 
the characteristic reflection bandwidth Ak^"^^^.^^ of the LHCP 

electromagnetic radiation reflecting panel is transmitted directly 
30 therethrough without absorption. 
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In Fig. lOB, the electrically-active LHCP electromagnetic 
radiation reflecting panel 22B is shown operated in its electrically 
active state (i.e. when V=l). As shown in Fig. lOD, electromagnetic 
radiation having a LHCP or RHCP polarization state and any 
5 wavelength within transmission bandwidth Ak';^^,^^ is transmitted 

directly through the glazing panel without absorption. 

The electrically-passive 7t -phase retardation panel 21 
employed in the electro-optical glazing structure of Fig. 10 can made 
from any material having a permanent birefringence which~Tmparts 
10 to a ju-phase retardation to electromagnetic radiation (within the 
operational band ^the dev ice). This panel can be fabricated from 
PVA, n^^^^^id_^Tystair^ca, etc. in a manner well known in the 
art. MethodTtor making "luch optical devices are disclose in US 
Patent No. 5,113,285 to Franklin, et al., incorporated herein by 
15 reference. 

Electrically-switchable circularly polarizing reflective panels - 
22A and 22B can be fabricated using the construction techniques 
illustrated- in Figs. 11 through IIC. As shown in Fig. 11, each such 
panel generally comprises a pair of optically transparent plates 22A1 
and 22A2 (e.g. made of glass, acrylic, etc.) spaced apart by a spacers 
22A3 in a manner known in the art. In the illustrative embodiment, 
the spacing between the plates is about 20 microns, however, it is 
understood that such dimensions may vary from embodiment to 
embodiment of the invention. The internal surfaces of the plates are 
25 coated with a Jay er of ITO material 22A4 and 22A to form o ptically 
transparent electrode^rfaces. A polyimi de coati ng is applied over 

the ITO layers, which is then rubbed to create directoTTTe^ ^ 

alignment) surfaces for liquid crystal molecules to spontaneously 
order in accordance wit-h-the- chTrar pHSie, in a man^r";;drkl^wn in 
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the art. Electrical leads are attached to the ITO layers. 

Having formed a cell between the spaced apart plates 22A1 
and 22A2, a cholesteric liquid crystal (CLC) mixture 22A6 is prepared 
and then poured into the interior volume of the "cell" formed 
between the plates and spacers. In the illustrative embodiment set 
forth in Fig. 10. a "left-hand CLC formula" must be used to make the 
CLC mixture for the electrically switchable LCHP panels 22 A and 22B. 
In the illustrative embodiment set forth in Fig. 12, a "right-hand CLC 
formula" must he used to make the CLC mixture for the electrically 
switchable RCHP panels 25 A and 25B. In the illustrative 
embodiment set lorth in Fig. 14, a "left-hand CLC formula" must be 
used to make the CLC mixture for the electrically switchable LHCP 
panel 28 A, and a Ti}; In -hand CLC formula" must be used to make the 
CLC mixture for the electrically switchable RHCP panel 28B. These 
CLC formulas will he described in detail below. 

According to the lefi-handed CLC formula, the following 
material componcnis are measured and mixed together in a vessel, in 
the hereinafter specified "by weight" proportions, namely: 1 weight 
unit of liquid crystal p(.lymerizable material having a left-handed 
cholesteric order (phase » (e.g. CC4039L from Wacker Chemical, 
Germany); 49.4 weight units of low-molecular weight nematic liquid 
crystal material (e.g. E7 from EML Inc. of Hawthorne, New York); 
0.026 weight units of UV photointiator (e.g. IG184 from Ciba Gigy); 
0.30 weight units of a first left-handed chiral additive (e.g. RlOll 
from EMI, Inc.); and 0.42 weight units of a second left-handed chiral 
additive (e.g. CB15 from EMI, Inc.). 

According to the right-handed CLC formula, the following 
material components are measured and mixed together in a vessel, in 
the hereinafter specified "by weight" proportions, namely: 1 weight 
unit of liquid crystal polymerizable material having a right-handed 
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cholesteric order (phase) (e.g. CC4039R from Wacker Chemical, 
Germany); 49.4 weight units of low-molecular weight nematic liquid 
crystal material (e.g. El from ExMI, Inc. Of Hawthorne, New York); 
0.026 weight units of UV photointiator (e.g. IG184 from Ciba-Gigy); 
0.30 weight units of a first right-handed chiral additive (e.g. RlOll 
from EMI, Inc.); and 0.42 weight units of a second right-handed 
chiral additive (e.g. CB15 from EMI, Inc.). The spectral reflection 
characteristics for this particular right-handed CLC material (prior to 
UV polymerization) are shown in Fig. 11 A. 

After the appropriate CLC mixture has been made and poured 
into the cell region between the glass plates 22A1 and 22 A2, the 
panel structure is placed in a temperature-controlled curing cabinet 
containing a UV light source of controlled light intensity. The CLC 
panel structure is then cured within the cabinet. For the case of the 
above-described embodiment, using the above-described CLC 
mixture formulas, the CLC structure is cured for 12 hours while being 
maintained at 25°C and exposed to UV light of 365nm and power 
density 0.72mW/cm2. 

In Fig. 11 A, the reflection characteristics of the RHCP CLC panel 
prior to UV polymerization are shown. In Fig. IIB, the reflection 
characteristics for the RHCP CLC panel after UV polymerization are 
shown when no voltage has^ been applied across the ITO coated 
plates. Notably, after UV polymerization, the reflection bandwidth of 
the CLC material has doubled. In Fig. 11 C, the reflection 
characteristics for the RHCP CLC panel are shown when a voltage has 
been applied. Notably, the big reflection peak shown in Fig. 11 B 
disappears due to the unwinding of the CLC helix of the CLC panel in 
the presence of the electric field created by the applied voltage. 
However, a weak peak is still observed in the reflection 
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Characteristics of this example due to the fact that the applied 
voltage had not been high sufficiently high enough intensity. 

Having constructed the various subcomponents of the electro- 
optical glazing structure of Fig. 10, panels 21, 22A and 22B can then 
be physically interfaced as an integral unit using conventional 
lamination techniques well known in the glazing art. 

The operation of the glazing structure shown in Fig. 10 will 
now be described with reference to Figs. lOE and lOF. 

As shown in Fig. lOE, the electro-optical glazing structure of 
Fig. 10 is switched to its optically opaque state of operation by not 
applying a control voltage thereacross (i.e. V=0). In this optical 
state, the electro-optical glazing structure 20 reflects LHCP and RHCP 
electromagnetic radiation within AX,';"„^1„ incident on either LHCP 
electromagnetic radiation reflecting panel without adsorption, 
independent of the direction of propagation thereof, as shown in Fig. 
lOE. As such, the operation of this particular electro-optical glazing 
structure is "symmetrical". The physical mechanisms associated with 
such reflection processes are schematically illustrated in Fig. lOE in 
great detail. Inasmuch as 100% of incident electromagnetic radiation 
is transmitted through the electro-optical glazing structure, this 
glazing structure is "totally reflective" in this state of operation. 

As shown in Fig. lOF, the electro-optical glazing structure of 
Fig. 10 is switched to its optically transparent (i.e. clear) state of 
operation by applying the appropriate control voltage thereacross 
(i.e. V=l). In this optical state, the electro-optical glazing structure 
20 transmits both LHCP and RHCP electromagnetic radiation within 
^Kcf^uon incident on either LHCP electromagnetic radiation reflecting 
panel of the window panel without adsorption, independent of the 
direction of propagation of the incident electromagnetic radiation. As 
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such, the operation of this particular electro-optical glazing , structure 
is "symmetrical". The physical mechanisms associated with such 
transmission processes are schematically illustrated in Fig. lOF in 
great detail. Inasmuch as 100% of incident electromagnetic radiation 
is transmitted through the electro-optical glazing structure, this 
glazing structure is "totally transmissive" in this state of operation. 

The electro-optical glazing structure of Fig. 10 can be readily 
adapted to exhibit "asymmetrical" reflection/transmission 
characteristics over its broad-band of operation by tuning the 
spectral transmission characteristics of both the CLC-based LHCP 
electromagnetic radiation reflecting panels 22A and 22B so that the 
spectral reflection (and transmission) bandwidth characteristics 
thereof are either completely or partially overlapping or are 
separated on the wavelength (i.e. frequency) domain. Using such 
CLC-tuning techniques, it is possible to create an electro-optical 
glazing structure having the construction of Fig. 10 which, when 
switched to its first optical state, is capable of totally reflecting 
electromagnetic radiation within a desired reflection band (e.g. 
within the ultraviolet and infrared bands) in a first direction defined 
with respect to the panel, and when switched to its second optical 
state, totally transmitting electromagnetic radiation within such 
reflection band. 

Sixth Illustrative Hmhodtmpnt Of Th. P W trn-On nV.i 
Structure O f The Pre^^^ut Tnvp.nHnn ^ 

The sixth illustrative embodiment of the electro-optical glazing 
structure hereof will be described with reference to Figs. 12 through 
13B. 

• As shown in Fig. 12, the electro-optical glazing structure of the 
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sixth illustrative embodiment 24 comprises: an electrically-passive 
7i-phase retardation panel 21 interposed between a first electrically- 
active RHCP electromagnetic radiation reflecting panel 25A and a 
second electrically-active RHCP electromagnetic radiation reflecting 
5 panel 25B; and electrically conductive means 26 for applying optical- 

state control voltages to the electrically-active RHCP electromagnetic 
radiation reflecting panels 25 A and 25B. Preferably, the electro- 
optical glazing structure of Fig 12 is mounted within a frame 
structure as described in connection with the generalized 

10 embodiment shown in Figs. lA and IB, and incorporates all of the 

power generation, electromagnetic radiation detection and micro- 
control mechanisms thereof. 

In Fig. 12 A, the electrically-active RHCP electromagnetic 
radiation reflecting panel 25A (25B) is shown being operated in its 

15 electrically inactive state (i.e. when V=0). As shown in Fig. 12B, 

electromagnetic radiation having a RHCP polarization state and a 
wavelength inside the characteristic reflection bandwidth A^cf^^fJi^^ of 

the RHCP electromagnetic radiation reflecting panel 25A (25B) is 
reflected directly therefrom without absorption, while 

2 0 electromagnetic radiation having either a LHCP polarization state 

and/or a wavelength outside the characteristic reflection bandwidth 
^^rctoion c>f the RHCP electromagnetic radiation reflecting panel is 
transmitted directly therethrough without absorption. 

In Fig. 12C, the electrically-active RHCP electromagnetic 

2 5 radiation reflecting panel 25A (25B) is shown being operated in its 

electrically active state (i.e. when V=l). As shown in Fig. 12D, 
electromagnetic radiation having a LHCP or RHCP polarization state 
and any wavelength within transmission bandwidth ^>^!^rnsmission is 
transmitted directly through the electro-optical panel without 
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absorption. 

The electrically-passive 7t-phase retardation panel 21 
employed in the electro-optical glazing structure of Fig. 12 can be 
realized in the manner described above in connection with the 
5 embodiment shown in Fig. 12 above. The electrically-active, broad- 

band LHCP electromagnetic radiation reflecting panels 25A and 25B 
used in the glazing structure of Fig. 10 can be made using the 
fabrication methods described above in connection with the 
embodiment shown in Fig. 10. Physically interfacing panels 21, 25 A 
10 and 25B of the electro-optical glazing structure of Fig. 12 can be 

achieved using conventional lamination techniques well known in the 
glazing art. 

The operation of the glazing structure of Fig. 12 will now be 
described with reference to Figs. 13A and 13B. 
^ shown in Fig. 13 A, the electro-optical glazing structure of 

Fig. 12 is switched to its optically opaque state of operation by not 
applying a control voltage thereacross (e.g. V=0 Volts). In this 
optical state, the electro-optical glazing structure 24 reflects LHCP 
and RHCP electromagnetic radiation within AX^;|^^„„ incident on the 
20 RHCP electromagnetic radiation reflecting panel 25A (25B) of the 
window panel without adsorption, independent of the direction of 
- propagation of the incident electromagnetic radiation. As such, the 
operation of this particular electro-optical glazing structure is 
"symmetrical". The physical mechanisms associated with such 
25 reflection processes are schematically illustrated in Fig. 13A in great 
detail. Inasmuch as 100% of incident electromagnetic radiation is 
reflected from the electro-optical glazing structure, this glazing 
structure is "totally reflective" in this state of operation. 

As shown in Fig. 13B, the electro-optical glazing structure of 
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Fig. 12 is switched to its optically transparent (i.e. clear) state of 
operation by applying the appropriate control voltage thereacross 
(e.g. V=l Volts). In this optical state, the electro-optical glazing 
structure 24 transmits both LHCP and RHCP electromagnetic radiation 
b within A^,^n^^,.„„ incident on either RHCP electromagnetic radiation 

reflecting panel 25A (or 25B) without adsorption, independent of the 
direction of propagation of the incident electromagnetic radiation. As 
such, the operation of this particular electro-optical glazing structure 
is "symmetrical". The physical mechanisms associated with such 
1 0 transmission processes are schematically illustrated in Fig. 13B in 

great detail. Inasmuch as 100% of incident electromagnetic radiation 
is transmitted through the electro-optical glazing structure, this 
glazing structure is "totally transmissive" in this state of operation. 
The electro-optical glazing structure of Fig. 12 can be readily 
1 5 adapted to exhibit "asymmetrical" reflection/transmission 

characteristics over its broad-band of operation by tuning the 
spectral transmission characteristics of both the CLC-based RHCP ^ 
electromagnetic radiation reflecting panels 25A and 25B so that the 
spectral reflection (and transmission) bandwidth characteristics 
20 thereof are either completely or partially overlapping or are 

separated on the wavelength (i.e. frequency) domain. Using CLC- 
tuning techniques, it is possible to create an electro-optical glazing 
structure having the construction of Fig. 12 which, when switched to 
its first optical state, is capable of totally reflecting electromagnetic 
25 radiation within a desired reflection bandwidth (e.g. within the 

ultraviolet and infrared bands) in a direction defined with respect to 
the panel, and when switched to its second optical state, totally 
transmitting electromagnetic radiation within such reflection band. 
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Seventh Illustrative Embodiment Of The Electro-Optical Glazing 
Structure Of The Present Invention 

The seventh illustrative embodiment of the electro-optical 
glazing structure hereof will be described with reference to Figs. 14 
through 15B. 

As shown in Fig. 14, the electro-optical glazing structure of the 
seventh illustrative embodiment 27 comprises: an electrically-active 
LHCP electromagnetic radiation reflecting panel 28A; an electrically- 
active RHCP electromagnetic radiation reflecting panel 28B laminated 
to panel 28A; and electrically conductive means 29 for applying 
optical-state control voltages to the electrically-active LHCP and RHCP 
electromagnetic radiation reflecting panels 28 A and 28B. Preferably, 
the electro-optical glazing structure of Fig 14 is mounted within a 
frame structure as described in connection with the generalized 
embodiment shown in Figs. lA and IB, and incorporates all of the 
power generation, electromagnetic radiation detection and micro- 
control mechanisms thereof. 

In Fig. 14A, the electrically-active LHCP electromagnetic 
radiation reflecting panel 28 A is shown being operated in its 
electrically inactive state (i.e. when V=:0). As shown in Fig. MB, 
electromagnetic radiation having a LHCP polarization state and a 
wavelength inside the characteristic reflection bandwidth A?i|;"^^'|i^^ of 
the LHCP electromagnetic radiation reflecting panel 28A is reflected 
directly therefrom without absorption, while electromagnetic 
radiation having either a RHCP polarization state and/or a 
wavelength outside the characteristic reflection bandwidth AX^^^^^.^^of 

the LHCP electromagnetic radiation reflecting panel 28A is 
transmitted directly therethrough without absorption. 

In Fig. 14C, the electrically-active LHCP electromagnetic 
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radiation reflecting panel 28B is shown being operated in its 
electrically active state (i.e. when V=l). As shown in Fig. 14D, 
electromagnetic radiation having a LHCP or RHCP polarization state 
and any wavelength within transmission bandwidth AX^"^^ is 

traDsmission 

5 transmitted directly through the electro-optical panel 28A without 

absorption. 

In Fig. 14E, the electrically-active RHCP electromagnetic 
radiation reflecting panel 28B is shown being operated in its 
electrically inactive state (i.e. when V=0). As shown in Fig.l4F, 
10 electromagnetic radiation having a RHCP polarization state and a 

wavelength inside the characteristic reflection bandwidth AX""^"" of 

reflection 

the RHCP electromagnetic radiation reflecting panel 28B is reflected 
directly therefrom without absorption, while electromagnetic 
radiation having either a LHCP polarization state and/or a 
15 wavelength outside the characteristic reflection bandwidth AX""'''' of 

reflection 

the RHCP electromagnetic radiation reflecting panel 28B is 
transmitted directly therethrough without absorption. 

In Fig. 14G, the electrically-active RHCP electromagnetic 
radiation reflecting panel 28B is shown being operated in its 
20 electrically active state (i.e. when V=l). As shown in Fig. 14H, 

electromagnetic radiation having a LHCP or RHCP polarization state 
and any wavelength within transmission bandwidth APl""" is 

transmission 

transmitted directly through the electro-optical panel 28B without 
absorption. 

2 5 The electrically-active, broad-band LHCP and RHCP 

electromagnetic radiation reflecting panels 28A and 28B used in the 
glazing structure of Fig. 14 can be made using the fabrication 
methods described above in connection with the embodiment shown 
in Fig. 10. In the preferred embodiment, the liquid crystal polymer 
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material contained within panel 28A can be made using the following 
formula: CLC polymer (BASF 171): 12%; CB15: 25%; E44: 64%; IG184: 
1%. The sample is made by filling the mixture into a pair of buffed 
polyimide ITO glass substitutes. UV curving intensity is 10 5w/cm2. 
A similar formula is used to make the liquid crystal polymer material 
contained within panel 28B. 

Physically interfacing panels 28A and 28B of the electro-optical 
glazing structure of Fig. 14 can be achieved using conventional 
lamination techniques well known in the glazing art. 

The operation of the glazing structure of Fig. 14 will now be 
described with reference to Figs. 15A and 15B. 

As shown Ml FiLV !.*iA, the electro-optical glazing structure of 
Fig. 14 is switched i«» its optically opaque state of operation by not 
applying a control volujrc ihereacross (i.e. V=0). In this optical 
state, the electro-optical irlj/ing structure 27 reflects LHCP and RHCP 
electromagnetic radiation within reflection bandwidth AX^"'^^ 

^reflection 

"incident on the LHCP electromagnetic radiation reflecting panel 28A 
without adsorption, while renecting LHCP and RHCP electromagnetic 
radiation within reflection bandwidth AX^ZL incident on the RHCP 

electromagnetic radiation reflecting panel 28B without adsorption. 
As such, the operation of this particular electro-optical glazing 
structure is "symmetrical". The physical mechanisms associated with 
such reflection processes are schematically illustrated in Fig. 15A in 
great detail. Inasmuch as 100% of incident electromagnetic radiation 
is reflected from the electro-optical glazing structure, this glazing 
structure is "totally reflective" in this state of operation. 

As shown in Fig. 15B, the electro-optical glazing structure of 
Fig. 14 is switched to its optically transparent (i.e. clear) state of 
operation by applying the appropriate control voltage thereacross 
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(i.e. V=l). Assuming that the LHCP electromagnetic radiation 
reflecting panel 28A and RHCP electromagnetic radiation reflecting 
panel 28B each have the same characteristic transmission bandwidth 
(i-e- ^>-ZLuo. is the same as AXl^Z,s..J, then when switched in this 
optical state, the electro-optical glazing structure of Fig. 14 transmits 
without adsorption, both LHCP and RHCP wavelengths within 
•transmission bandwidth A^ZL^o. independent of whether such 
wavelengths fall incident on either the LHCP or RHCP , electromagnetic 
radiation reflecting panel of the electro-optical glazing structure. As 
such, the operation of this particular embodiment of the electro- 
optical glazing structure is "symmetrical". The physical mechanisms 
associated with such transmission processes are schematically 
illustrated in Fig. 15B in great detail. Inasmuch as 100% of incident 
electromagnetic radiation is transmitted through the electro-optical 
glazing structure, this glazing structure is "totally transmissive" in 
this state of operation. 

Notably, the electro-optical glazing structure of Fig. 14 can be 
readily adapted to exhibit "asymmetrical" reflection/transmission 
characteristics over its broad-band of operation. Such characteristics 
can be imparted by tuning the spectral transmission characteristics 
of both the CLC-based RHCP and LHCP electromagnetic radiation 
reflecting panels 28A and 28B of the present invention so that the 
spectral characteristics thereof are either completely or partially 
overlapping or are separated on the wavelength (or frequency) 
domain. Using CLC-tuning techniques disclosed in International 
Publication No. WO 97/16762, it is possible to create an electro- 
optical glazing structure which, when switched to its first optical 
state, is capable of totally reflecting electromagnetic radiation within 
a desired reflection bandwidth (e.g. within the UV and IR bands) in a 
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direction defined with respect to the panel, and when switched to its 
second optical state, totally transmitting electromagnetic radiation 
within the reflection band. 

Alternatively, the electrically-active LHCP and RHCP reflecting 
panels 28 A and 28B panels in the glazing structure of Fig. 14 can be 
realized using the novel electro-optical construction schematically 
illustrated in Figs. 16A and 16B. 

As shown in Figs. 16A and 16B, the physical construction of this 
alternative embodiment of the electrically-switchable broad-band 
CLC panels 28 A (28B) is very similar to that of the panels described 
above in connection with Figs. 11 through IIC. However, in this 
alternative embodiment shown in Figs. 16A and 16B, the broad-band 
(or super broad-band) CLC material contained between glass plates 
thereof is radically different from that contained with the panel 
illustrated in Figs. 11 through IIC, as will be explained below. 

The novel material contained between the plates of this novel 
electrically-switchable super-broadband CLC (BBCLC) polarizer is 
made from polymerizable liquid crystal blends in cholesteric order. 
According to this aspect of the present invention, "functional 
pigment suspended liquid crystal" (FPSLC) material is created by 
mixing (i) broad-band CLC pigments (e.g. CLC microflakes taught in 
International Publication No. WO 97/16762) into (ii) an electrically- 
active (Le. electrically-responsive) carrier fluid such as a low- 
molecular weight (LMW) nematic liquid crystal fluid (e.g. E7 and E44) 
which is commercially available from EMI of Hawthorne, New York. 
As will be explained in greater detail hereinafter, the micro-sized 
functional pigments of this particular embodiment have unique 
optical properties that can be exploited in various applications 
including electro-optical glazing structures. In the illustrative 
embodiment, the functional pigments are reahzed using BBCLC 
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microflakes having a size in the range of about 20-100 microns. 
When making the LHCP panel 28A, left-handed BBCLC microflakes 
should be used, whereas when making the RHCP panel 28B, right- 
handed BBCLC microflakes should be used. The mass density of the 
CLC microflakes should be substantially equal to the mass density of 
the LMW carrier liquid fluid. Also the refractive index of the CLC 
microflakes should be matched closely to the refractive index of the 
carrier fluid. 

Once prepared, the FPSLC mixture is poured into a cell 
constructed from a pair of spaced apart ITO-coated glass or plastic 
plates. To achieve the required liquid crystal alignment, the ITO 
layers are coated wuh rubbed polyimide in a manner well known in 
the art. The ITO layers arc also provided with electrical leads so that 
an external field can be impressed across the ITO coated glass plates. 
As will be illustrated greater detail below, this makes the FPSLC 
material between the plates electrically-active or switchable between 
its electro-optical states of operation. Notably, when making such 
electrically-switchable plates, there is no UV polymerization step, as 
in the above-described fabrication methods. 

After the filling operation, the CLC pigments are uniformly 
distributed inside the cell in order to cover the entire cell area. The 
cell thickness is designed to be larger than the pigment dimension. It 
is assumed that the liquid crystal molecules are spontaneously 
aligned in homogeneous state due to the surface coating. The 
homogeneous alignment of the host LC molecules forces the CLC 
pigments to align parallel to the cell surface, as shown in Fig. 16A. 
The switching or reorientation of the host liquid crystal molecules by 
an applied electric field forces the suspended CLC pigments to be 
reoriented accordingly, as shown in Fig. 16B. For purposes of 
convention, it will be helpful to designate state "A" of the host liquid 
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J 4. 

crystal as the state when there is no electrical field is applied, as 
illustrated in Fig. 16A. Accordingly, the CLC pigments are assigned to 
be in state "A^//'. Once a strong enough field, e.g., an electric field, is 
applied, the host liquid crystal molecules are reoriented to state "B" 
as shown in Fig. 16B. Accordingly, the CLC pigments are reoriented 
from state -A,//' to state -B^,;\ Since the BBCLC pigments in the host 
liquid crystal preserve the same polarization property, then its 
parallel orientation should exhibit a polarizing state for an incoming 
light onto the cell surface. If the CLC microflakes are vertically 
aligned due to the reorientation of the host liquid crystal molecules 
under an applied field, then the cell loses the capability to polarize 
light and becomes transparent or quasi-transparent, i.e. provided 
that the thickness of the CLC microflakes is much smaller than the 
aerial dimension of the electro-optical cell. 

The elcctrically-switchable circularly polarizing panels of the 
type shown in Figs. 16A and 16B can be realized in a variety of 
configurations. These alternative configurations will be described 
below. 

Parallel-To- Vertical Configuration fCase T't 

In this configuration, the cell is constructed so that the host 
nematic liquid crystal adopts a spontaneous alignment in 
homogeneous state. The ITO substrate is coated with a polyimide 
favorable for such an alignment followed by a mechanical rubbing. 
If the host liquid crystal has a positive dielectric anisotropy, it can be 
vertically reoriented into a homeotropic state by an electric field (E- 
field). In this case, state "A" of the host LC refers to homogeneous, 
and state "B" to homeotropic; while state "A^^^" and "B^.^^" of the CLC 
pigments refers to parallel and perpendicular to the cell surface. 
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respectively, as schematically shown i„ Rg.,6A. ,„ ftis way the 
panel can be switched from polarUin^ reflecUon to transparent or 
,uas,. transparent state. Varying the strength of the E-fieW can 
change the final reflecttv.ty of the panel. It should be pointed ont 
Chat rubbed polyimide is not the only chotce for surface treatment 
Other techniques are also applicable, such as oblique deposition of 
SiOx, UV alignable layers, etc. 

. Parallel-To- Vertii-iil r^-fj ^uraUnn ^r^ o. tt. 

In th,s configuration, the cell is constructed so that the host 
molecular height (LMW) cholesteric liquid crystal adopts a 
spontaneous alignment in the planar state. The pitch of the LMW CLC 
can be tuned either inside or outside of the CLC pigment reflection 
spectral region. The ITO substrate is coated with a rubbed polyimide 
favorable for planar alignment. If the host liquid crystal in 
cholesteric order has a positive dielectric anisotropy, it can be 
reoriented vertically into a honteotropic state by an electric field (E- 
field). In this case, state "A" of the host LC refers to planar, and state 
■B" to homeotropic: while state "A.,;- and "B,,;- of the CLC pigments 
refers to parallel and perpendicular to the cell surface, respectively 
Thus the panel can be switched from polarizing reflection to 
transparent state. Varying the strength of U,e B-field can change the 
ftnal reflectivity of the panel. It should be pointed out that rubbed 
polytmide is not the only choice for surface treatment. Other 
techniques are applicable, such as oblique deposition of SiOx UV 
altgnable layers, etc. In some cases, no alignment layer is required 
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Vertical-To-Parallel Configuration (Case T) 

In this configuration, the cell is constructed so that the host 
nematic liquid crystal adopts a spontaneous alignment in 
homeotropic state. The ITO substrate is coated with an alignment 
agent favorable for such an alignment. No mechanical rubbing is 
necessary. If the host liquid crystal has a negative dielectric 
anisotropy, it can be reoriented into a homogeneous state by an 
electric field (E-field). In this case, state "A" of the host LC refers to 
homeotropic, and state "B" to homogeneous', while state "A^/^" and 
"B^y^" of the CLC pigments refer to perpendicular and parallel to the 

cell surface, respectively. Thus the panel can be switched from 
transparent to polarizing reflection state. Varying the strength of the 
E-field can change the final reflectivity of the panel. 

Vertical-To-Parallel Configuration (Case II) 

In this configuration, the cell is constructed so that the host low 
molecular weight (LMW) chole steric liquid crystal adopts a 
spontaneous alignment in homeotropic state. The pitch of the LMW 
CLC can be tuned either inside or outside of the CLC pigment 
reflection spectral region. The ITO substrate is coated with an 
alignment agent favorable for homeotropic alignment. If the host 
liquid crystal in cholesteric order has a negative dielectric anisotropy, 
it can be reoriented into a planar state by an electric field (E-field), 
In this case, state "A" of the host LC refers to homeotropic, and state 
"B" to p/anar; while state "A^^^" and "B^^/ of the CLC pigments refers 
to perpendicular and parallel to the cell surface, respectively. Thus 
the panel can be switched from transparent to polarizing reflection 
state. Varying the strength of the E-field can change the final 
reflectivity of the panel. 
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FPSLC With Polymer Network 

In this preferred configuration, the cell is constructed so that the 
host low molecular weight (LMW) liquid crystal in cholesteric order 
5 contains a small amount of polymer network which is formed by UV 

polymerizing a polymer material mixed inside the LMW LC in 
absence of any field. The purpose of introducing the polymer 
network is to realize a bistable state, i.e., weak scattering state and 
high reflection state of the panel and, possibly, improving the 
10 rcnectivity. The polymer network helps to better confine CLC flakes 

in a preferred orientation, for example, a parallel orientation. The 
host liquid crystal can adopt either an ECB or TN or STN or cholesteric 
order. The ITO substrate is coated with a polyimide favorable for a 
homogeneous alignment. If the host liquid crystal in cholesteric 

1 5 order has a positive dielectric anisotropy, it can be reoriented from 

planar to homeotropic state by an electric field (E-field). In this case, 
state "A" of the host LC refers to homogeneous, and state "B" to 
homeotropic; while state "A^^^" and "B^,^" of the CLC pigments refers 
to parallel and perpendicular to the cell surface, respectively. Thus 
20 the panel can be switched from polarizing reflection to semi-or total 

transparent state. Varying the strength of the E-field can change the 
final reflectivity of the panel. Another important feature of this 
polymer stabilized FPSLC configuration is that a reflection and 
scattering mixed mode can be realized by properly controlling 

2 5 polymer density and applied voltage, similar to the conventional 

polymer stabilized cholesteric texture (PSCT). 

FPSLC With Surface Stabilization Function 

In this preferred configuration, the cell is constructed so that the 



72 



OC!D: <WO 9e38547Al. IA> 



wo 98/38547 PCT/US98/03688 

host low molecular weight (LMW) liquid crystal in cholesteric order 
is surface stabilized which exhibits also a bistable state, i.e., weak 
scattering state and relatively high reflective state. This texture 
helps to better confine CLC flakes in a preferred orientation, for 
example, a parallel orientation. The ITO substrate is coated with a 
polyimide favorable for a homogeneous alignment. If the host liquid 
crystal in cholesteric order has a positive dielectric anisotropy, it can 
be reoriented from planar to homeotropic state by an electric field 
(E-field). In this case, state "A" of the host LC refers to homogeneous, 
and state "B" to homeotropic; while state "A^^^." and "B^^^" of the CLC 
pigments refers to parallel and perpendicular to the cell surface, 
respectively. Thus the panel can be switched from polarizing 
reflection to semi-or total transparent state. Varying the strength of 
the E-field can change the final reflectivity of the panel. Another 
important feature of this surface-stabilized FPSLC conflguration is 
that a reflection and scattering mixed mode can be realized by 
properly controlling polymer density and applied voltage, similar to 
the conventional polymer stabilized cholesteric texture (PSCT). 

Each of. the cell configurations described above can be used to 
build a switchable (super) broadband FPSLC panel which is 
electrically switchable from reflection state to transparent state, or 
vice versa. The reflected light is polarized and can cover a broad 
spectral bandpass, such as the entire visible region. Ideally, in a 
perfect reflection state, 50% of the incident light is reflected into one 
polarization state and another 50% is transmitted in other 
polarization state. However, when switched into the total 
transmission mode, the panel passes 100% of the incident light. 
Varying the strength of the E-field can change the final reflectivity 
between 0% and 50% (equivalently, the transmittance can be varied 

c. 
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between 50% to 100%). 

The electrically-switchable FPSLC-based structures described 
above can be used to realize the electrically-switchable circularly 
polarizing panels employed in the systems shown in Figs. 10 and 12 
hereof. In such electro-optical glazing structures, the particular 
compositions used to created the FPSLC material will vary in order to 
provide the required polarization reflective functions. For example, 
when making broad-band LHCP panels 22A and 22B, left-handed 
BBCLC microflakes should be added to the LMW liquid crystal carrier 
fluid of the FPSLC mixture thereof. When making broad-band RHCP 
panels 25 A and 25B, right-handed BBCLC microflakes should be 
added to the LMW liquid crystal carrier fluid of the FPSLC mixture 
thereof. When making RHCP panels 25A and 25B having spectrally, 
tuned reflection characteristics, right-handed BBCLC microflakes with 
narrow-band reflection characteristics should be added to the LMW 
liquid crystal carrier fluid of the FPSLC mixture thereof. For 
example, five color CLC microflakes (i.e. pigments) can be added into 
the LMW liquid crystal carrier fluid in order to cover the visible 
band. It is understood, various combinations of left and right handed 
CLC microflakes (having super broad-band, broad-band and/or 
narrow-band polarization reflection characteristics) can be added to 
the LMW liquid crystal carrier fluid in order to produce electrically- 
switchable circularly polarizing glazing structures having diverse 
polarization reflection characteristics adapted to meet any application 
imaginable. 
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Additional Embo diments Of The Electro-Optical Glazing Structure Of 
The Present Invention 

Many more embodiments of the electro-optical glazing structure 
of the present invention can be provided by combining the above- 
described embodiments so provide systems and devices having 
transmission and reflection modes of operation. 

In particular, the illustrative embodiments of the invention 
disclosed in Figs. 2 through "9B and Figs. 14 through 15B, in 
particular, can be readily combined with other structures to provide 
additional embodiments of the present invention. For simplicity of 
explanation, the embodiments described hereinabove are generalized 
in Figs. 21 through 23F. 

In particular. Figs. 21 through 21F provide a generalized 
description of the illustrative embodiments disclosed in Figs. 6 and 8, 
wherein the electrically-passive broad-band polarizing layers have 
different handedness in both the circularly polarizing (RHCP/LHCP) 
and linearly polarizing (LP1/LP2) system configurations. Figs. 22 
through 22F provide a generalized description of the illustrative 
embodiments disclosed in Figs. 2 and 4, wherein the electrically- 
passive broad-band polarizing layers have the same handedness in 
both the circularly polarizing (LHCP/LHCP or RHCP/RHCP) and 
linearly polarizing (LPl/LPl or LP2/LP2) system configurations. 
Before describing these additional embodiments of the electro-optical 
glazing structure hereof, the operation of these two generalized 
embodiments of the present invention will be briefly summarized. 
Likewise, Figs. 23 through 23F provide a generalized description of 
the illustrative embodiment disclosed in Figs. 14 through 15B, 
wherein the electrically-active broad-band polarizing layers have a 
different handedness in the circularly polarizing (LHCP/LHCP or 



9838547A1_IA> 



75 

RECTIFIED SHEET (RULE 91) 



^^^^^^^S'*^ PCT/US98/03688 

RHCP/RHCP) system configurations, and there is no optically active 
element disposed between the electrically-active polarizing layers. 

Before describing additional embodiments of the electro-optical 
glazing structure hereof which can be based on the above-identified 
5 embodiments, it will be helpful to briefly summarize the structure 

and function of these embodiments hereinbelow in a more 
generalized manner to more clearly appreciate the various aspects of 
the present invention. 

In Fig. 21 A, the electro-optical glazing structure of Fig. 21 is 
10 shown operated in its partial-reflection/transmission mode, wherein 
no external voltage (i.e. V=V„„) is applied to the k phase shifter. In 
Figs. 21B and 21C, transmission and reflection characteristics for this 
mode of operation are shown, respectively. In Fig. 21D, the electro- 
optical light glazing structure of Fig. 21 is shown operated in its total- 
1 5 reflection mode, wherein an external voltage V (i.e. V=V^^„) is applied 
to the 7t phase shifter. In Figs. 21E and 21F, transmission and 

reflection characteristics for this mode of operation are shown, 
respectively. 

In Fig. 22A, the electro-optical glazing structure of Fig. 22 is 
20 shown operated in its total-reflection mode, wherein no external 
voltage (i.e. V=V„ff) is applied to the n phase shifter. In Figs. 22B and 
22C, transmission and reflection characteristics for this mode of 
operation are shown, respectively. In Fig. 22D, the electro-optical 
light glazing structure of Fig. 22 is shown operated in its partial- 
25 reflection/transmission mode, wherein an external voltage V (i.e. 

V = Vo„) is applied to the iz phase shifter. In Figs. 22E and 22F, 

transmission and reflection characteristics for this mode of operation 
are shown, respectively. 

In Fig. 23A, the electro-optical glazing structure of Fig. 23 is 
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shown operated in its total-reflection mode, wherein no external 
voltage (i.e. V=V^ff) is applied to the n phase shifter. In Figs. 23B and 
23C, transmission and reflection characteristics for this mode of 
operation arc shown, respectively. In Fig. 23D, the electro-optical 
light glazing structure of Fig. 23 is shown operated in its total- 
transmission mode, wherein an external voltage V (i.e. V=y^^) is 
applied to the tt phase shifter. In Figs. 23E and 23F, transmission and 

reflection characteristics for this mode of operation are shown, 
respectively. 

In Fig. 24. an other illustrative embodiment of the electro-optical 
glazing structure ot the present invention is shown comprising: a first 
electrically-passixc broadband IR reflective polarizing panel for 
reflecting incident I.IICP light within the broad IR band, and 
transmitting all other components of light; and a second electrically- 
passive broadband IR reflective polarizing panel, laminated or 
mounted to the first IR reflective polarizing panel, for reflecting 
incident RHCP light within the broad IR band, and transmitting all 
other components of light. The resulting IR filter structure is mounted 
or affixed to an electrically-controlled light scattering panel, for 
selectively scattering light over the visible band (when no external 
voltage is applied) so as to render the resulting glazing structure 
opaque to provide privacy behind the window structure into which it is 
installed. While circularly polarizing reflectors of the type taught in 
International Publication No WO/97/16762 by Reveo, Inc., 
incorporated herein by reference, can be used to realize the broad- 
band IR circularly-polarizing panels of this structure, it is understood 
that broad-band IR polarizers which reflect linearly polarized light, as 
taught in International Application No. PCT/US97/20091 by Reveo, 
Inc., incorporated herein by reference, may also well be used to realize 
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such linearly polarizing IR panels. Alternatively, such broadband IR 
reflecting panels may be made from multilayer polymer layers as 
disclosed in US Patent No. 5,686,979, incorporated herein by reference, 
and as taught elsewhere in the prior art. The electrically-controlled 
5 light scattering panel employed in the glazing structure of Fig. 24 can 
be realized by any one of the electrically-controlled light scattering 
panels disclosed in Figs. 17A through 20F, described in detail 
hereinbelow. 

In Fig. 24A, the electro-optical glazing structure of Fig. 24 is shown 
10 operated in its scattering mode, wherein no external voltage (i.e. 

V = V„ff) is applied to the electrically-controlled scattering panel. In 
Figs. 24B and 24C, transmission and reflection characteristics for this 
mode of operation are shown, respectively. During this state of 
operation, the composite broad-band IR structure totally reflects 
15 incident IR radiation providing excellent thermal insulation to the 
glazing structure, while the electrically-controlled scattering panel 
renders the glazing structure optically opaque over the visible-band of 
the spectrum. In Fig. 24D, the electro-optical light glazing structure of 
Fig. 24 is shown operated in its total-transmission mode, wherein an 
external voltage V (i.e. V=V„„) is applied to the electrically-controlled 
light scattering panel. In Figs. 24E and 24F, transmission and reflection 
characteristics for this mode of operation are shown, respectively. 
During this state operation, the composite broad-band IR structure 
totally reflects incident IR radiation providing excellent thermal 
insulation to the glazing structure, while the electrically-controlled 
scattering panel renders the glazing structure optically transparent 
over the visible-band of the spectrum enabling viewing through the 
glazing structure in a bi-directional manner. 

In Fig. 25, an other illustrative embodiment of the electro-optical 
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glazing structure of the present invention is shown. This is the reverse 
mode of the electro-optical glazing structure shown in Fig. 24. As 
shown, this glazing structure comprises: a first electrically-passive 
broadband IR reflective polarizing panel for reflecting incident LHCP 
light within the broad IR band, and transmitting all other components 
of light; and a second electrically-passive broadband IR reflective 
polarizing panel, laminated or mounted to the first IR reflective 
polarizing panel, for reflecting incident RHCP light within the broad IR 
band, and transmitting all other components of light. As shown, the 
resulting IR filter structure is mounted or affixed to an electrically- 
controlled light scattering panel, for selectively scattering light over 
the visible band (when an external voltage is applied) so as to render 
the resulting glazing structure opaque to provide privacy behind the 
window structure into which is installed. While circularly polarizing 
reflectors of the type taught in International Publication No 
WO/97/16762 by Reveo, Inc., incorporated herein by reference, can 
be used to realize the broad-band IR circularly-polarizing panels of 
this structure, it is understood that broad-band IR polarizers which 
reflect linearly polarized light, as taught in PCT Application No. 
PCT/US 97/20091 by Reveo, Inc., incorporated herein by reference, 
may also well be used to realize such linearly polarizing IR panels. 
Alternatively, such broadband IR reflecting panels may be made from 
multilayer polymer layers as are know in the art. Alternatively, such 
broadband IR reflecting panels may be made from multilayer polymer 
layers as disclosed in US Patent No. 5,686,979, incorporated herein by 
reference, and as taught elsewhere in the prior art. The electrically- 
controlled light scattering panel employed in the glazing structure of 
Fig. 24'-can be realized by any one of the electrically-controlled light 
scattering panels disclosed in Figs. 17A through 20F, described in 
detail hereinbelow. 
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In Fig. 25A, the electro-optical glazing structure of Fig. 25 is 
shown operated in its light transmission mode, wherein no external 
voltage (i.e. V=VQff) is applied to the electrically-controlled scattering 
panel. In Figs. 25B and 25C, transmission and reflection 
5 characteristics for this mode of operation are shown, respectively. 

During this state of operation, the composite broad-band IR structure 
totally reflects incident IR radiation providing excellent thermal 
insulation to the glazing structure, while the electrically-controlled 
scattering panel renders the glazing structure substantially 
10 transparent over the visible-band of the spectrum. In Fig. 25D, the 
electro-optical light glazing structure of Fig. 24 is shown operated in 
its light scatterini: mode, wherein an external voltage V (i.e. V=Vq„) is 
applied, to electrically-controlled light scattering panel. In Figs. 25E 
and 25F, transmission and reflection characteristics for this mode of 
15 operation are shown, respectively. During this state of operation, the 
composite broad- band IR structure totally reflects incident IR 
radiation providing excellent thermal insulation to the glazing 
structure, while the electrically-controlled scattering panel renders 
the glazing structure optically opaque over the visible-band of the 
20 spectrum preventing viewing through the glazing structure. 

In Fig. 26, another embodiment of the electro-optical glazing 
structure of the present invention is disclosed. As shown, this 
electro-optical structure is constructed by adding the broad-band IR 
filter panel shown in Figs. 24 and 25, to the electro-optical glazing 
25 structure shown in Fig. 22 wherein the broadband polarizing panels 
are each of the same handedness (e.g. RHCP/RHCP or LPl/LPl). 

In Fig. 26A, the electro-optical glazing structure of Fig. 26 is 
shown operated in its total-transmission mode, wherein no external 
voltage (i.e. V=V^ff) is applied to the k phase shifting panel disposed 
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between the pair of broadband polarizing reflective panels thereof. 
In Figs. 26B and 26C, transmission and reflection characteristics for 
this mode of operation are shown, respectively. During this state of 
operation, the composite broadband IR filter structure totally reflects 
5 incident IR radiation providing excellent thermal insulation to the 
glazing structure, while the electro-optical glazing substructure 
(shown individually in Fig. 22) totally-reflects over the visible band 
in order to render the glazing structure substantially transparent 
over the visible-band of the spectrum. In Fig. 26D, the electro- 
10 optical light glazing structure of Fig. 26 is shown operated in its 
pariial-reflection/transmission mode, wherein an external voltage V 
(i.e. V=V^„) is applied to the k phase shifting panel disposed between 
the pair of broadband polarizing reflective panels thereof. In Figs. 
26E and 26F, transmission and reflection characteristics for this mode 
15 of operation are shown, respectively. During this state of operation, 
the composite broad-band IR filter structure totally reflects incident 
IR radiation providing excellent thermal insulation to the glazing 
structure, while the electro-optical glazing substructure (shown 
individually in Fig. 22) renders the glazing structure optically opaque 
20 over the visible-band of the spectrum preventing viewing through 
the glazing structure. 

In Fig. 27, another embodiment of the electro-optical glazing 
structure of the present invention is disclosed which is operates in 
the "reverse" mode of the glazing structure of Fig. 26, described 
25 above. As shown in Fig. 27, this electro-optical structure is 
constructed by adding the broad-band IR filter panel shown in Figs. 
24 and 25, to the electro-optical glazing structure shown in Fig. 21 
wherein the broadband polarizing panels are each of different 
handedness (e.g. RHCP/LHCP or LP1/LP2). 
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In Fig. 27A, the electro-optical glazing structure of Fig. 27 is 
shown operated in its partial-reflection/transmission mode, wherein 
no external voltage (i.e. V=V^fj.) is applied to the k phase shifting 
panel disposed between the pair of broadband polarizing reflective 
5 panels thereof. In Figs. 27B and 27C, transmission and reflection 

characteristics for this mode of operation are shown, respectively. 
During this state operation, the composite broadband IR filter 
structure totally reflects incident IR radiation providing excellent 
thermal insulation to the glazing structure, while the electro-optical 
1 0 glazing substructure (shown individually in Fig. 21) partially-reflects 
and partially-transmits over the visible band in order to render the 
glazing structure semi-opaque over the visible-band of the spectrum. 
In Fig. 27D, the electro-optical light glazing structure of Fig. 27 is 
shown operated in its total-reflection mode, wherein an external 
15 voltage V (i.e. V=V^„) is applied to the n phase shifting panel 
disposed between the pair of broadband polarizing reflective panels 
thereof. In Figs. 27E and 27F, transmission and reflection 
characteristics for this mode of operation are shown, respectively. 
During this state of operation, the composite broad-band IR filter 
20 structure totally reflects incident IR radiation providing excellent 

thermal insulation to the glazing structure, while the electro-optical 
glazing substructure (shown individually in Fig. 21) renders the 
glazing structure optically opaque over the visible-band of the 
spectrum preventing viewing through the glazing structure. 
25 In Fig. 28, another embodiment of the electro-optical glazing 

structure of the present invention is disclosed. As shown, this 
electro-optical structure is constructed by adding the broad-band IR 
filter panel shown in Figs. 24 and 25, to the electro-optical glazing 
structure shown in Fig. 23, wherein the electrically-active broadband 
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polarizing panels thereof are each of different handedness (i.e. 
RHCP/LHCP). 

In Fig. 28A, the electro-optical glazing structure of Fig. 28 is 
shown operated in its total-reflection mode, wherein no external 
5 voltage (i.e. V=V^„) is applied to the electrically-active circularly- 

polarizing reflective panels thereof. In Figs. 28B and 28C, 
transmission and reflection characteristics for this mode of operation 
are shown, respectively. During this state of operation, the composite 
broadband IR filter structure totally reflects incident IR radiation 
1 0 providing excellent thermal insulation to the glazing structure, while 
the electro-optical glazing substructure (shown individually in Fig. 
21) totally-reflects over the visible band in order to render the 
glazing structure optically opaque over the visible-band of the 
spectrum. In Fig. 28D, the electro-optical light glazing structure of 
15 Fig. 26 is shown operated in its total-transmission mode, wherein an 
external voltage V (i.e. V=V^„) is applied to the electrically-active 
circularly-polarizing reflective panels thereof. In Figs. 28E and 28F, 
transmission and reflection characteristics for this mode of operation 
are shown, respectively. During this state of operation, the composite 
20 broad-band IR filter structure totally reflects incident IR radiation 
providing excellent thermal insulation to the glazing structure, while 
the electro-optical glazing substructure (shown individually in Fig. 
22) renders the glazing structure optically transparent over the 
visible-band of the spectrum. 
25 Figs. 29A through 29C show a broad-band reflector for use in 

constructing broad-band circularly (and linearly) polarizing reflective 
panels employed in any one of embodiments of the electro-optical 
glazing panel hereof. 

Fig. 29A shows a multilayer extruded polymer layer comprising a 
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number of pairs of layers. Each layer of a pair has a different index of 
refraction from the other layer of the pair. The various layers are of 
the order of a quarter wavelength of light, so than the electric field of 
the light reflecting from the layer boundaries adds in phase with light 
reflecting from other boundaries to increase reflection in a well known 
manner. 

Fig. 29B shows the prior art distribution of the layer thicknesses. 
The thickness of the layers does not change with depth, changes in 
stepwise fashion, or changes in a linear fashion. Fig. 29C shows a non- 
linear change in the thickness of the layers with depth. As taught in 
International Publication No. WO/97/16762 by Reveo, Inc., a non 
linearly varying pitch is necessary for efficient broad band reflection 
from cholesteric liquid crystal material. The non-Iinearly varying pitch 
shown in Fig. 29C allows for much broader range of reflectivity than 
the prior art pitch variations of Fig. 29B for the multilayer reflectors. 
In the case that the two polymer layers shown in Fig. 29A are layers 
of at least one birefringent material where the index of refraction for a 
first linear polarization state is changed from one material to the next, 
but where the index of refraction for a second linear polarization state 
perpendicular to the first linear polarization state is the same from one 
material to the next, the structure shown in Fig. 29A will reflect light 
of the first polarization state, and transmit light of the second 
polarization state. The non-linearly varying pitch shown by Fig. 29C 
ensures broad band operation of the device without interference 
effects at shorter wavelengths which plague the step function 
distribution attempted at broadband operation of prior art systems. 

Broad band IR reflectors made from the multilayer extruded 
polymer material shown in Fig. 29A may be added to the panels of 
the invention to add IR reflectivity to the control of visible light. 
Multilayer linear polarizers may be used in the panels of the 
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invention instead of CLC materials for controlling the light. 

Additional Embodiments Of The Fl^rfr o -Qntical Glazing Strncrnrf^ of 
The Present Invention 

Each of illustrative embodiments of electro-optical glazing panel 
described hereinabove can be combined in various ways in order to 
provide intelligent glazing structures capable of controlling light 
transmission therethrough in any number of radiation bands. For 
example, transmission in the IR band may be allowed in the winter 
in the daylight, and at night IR-band light may be reflected to save 
heating energy. During the summer, however, IR light may be 
allowed to escape from the window structure, while visible radiation 
is reflected to insure privacy. 

While the intelligent glazing structures of the present invention 
taught hereinabove allow a very large portion of the visible spectrum 
to be substantially totally-reflected, some of these embodiments 
may, in practice, transmit some radiation, especially at large angles 
measured with respect to a projection axis normal to the glazing 
structure, or allow a very small amount of light to leak from a 
brightly lit room at night, to the dark outside environment. 
Consequently, such undesired light transmission in such instances 
may compromise the level of privacy demanded by particular users 
in diverse lighting environments. Therefore, there is a great need for 
25 a way to further improve the above-described electro-optical glazing 
structures of the present invention in a simple yet effective manner. 

In accordance with another aspect of the present invention, this 
problem of undesired, partial light transmission can be solved, in 
instances where it arises, by embodying each electro-optical glazing 
30 structure of the present invention with an additional structure that is 
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capable of controlling (e.g. reflecting or scattering) light incident 
thereon so as to either block the transmission of such light by 
reflection, or obscure it by scattering. In principle, such objectives 
can be achieved using a variety of different types of electro-optical 
structures well known in the art for different purposes, unrelated to 
the above-described problem at hand. The improved electro-optical 
glazing structures can be formed by mounting or incorporating such 
electrically-controllable structures to any of the above-described 
electro-optical glazing structures. In principle, such alternative 
embodiments of the present invention should solve the problems 
associated with partial light transmission during reflection modes of 
operation of the panel, thereby ensuring the desired level of privacy 
demanded by its user in diverse environments. Several different 
embodiments of the light controlling (reflecting or scattering) 
structure are described hereinbelow. 

In Figs. 17A and 17B, a first illustrative embodiment of the 
electrically-controllable light scattering structure is shown in the 
form of an ultra-thin panel comprising a polymer dispersed liquid 
crystal (PDLC) material 173 contained between a pair of spaced-apart 
transparent electrically conducting layers 174 and 175 (e.g. ITO). 
The PDLC material comprises a polymer material with regions 176 of 
liquid crystal material formed into small spheres of micron or 
submicron dimension. As illustrated in Fig. 17A, the molecules of the 
liquid crystal material (depicted as short lines) are correlated by the 
internal forces in the liquid crystal to have an internal order which 
may be random in a predetermined state of the panel. 

In Fig. 17A, PDLC panel 172 is shown operated in its scattering 
state, wherein light rays 171 incident on a layer 172 are scattered by 
the liquid crystal molecules ordered therein. During this state, light 
propagating through the polymer material 173 strikes the sphere of 
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liquid crystal material 176, and will in general retract at the polymer 
liquid crystal interface because there will generally be a change in 
the index of refraction of the (randomly ordered) liquid crystal 
material and the polymer material. The layer 172 will then scatter 
light passing through. The light rays traced in Fig. 17A are shown 
transmitted through the layer 172, which would be the case for very 
light loading of liquid crystal material in the polymer. In the more 
general case, light incident on the panel would be as likely scattered 
backward as forward, and would likely be scattered isotropically in 
all directions. 

In Fig. 17B, the PDLC panel 172 is shown operated in its 
transmission state, wherein an electric field is applied across the 
layer 172 by applying voltage across the conducting layers 174 and 
175. In this state of operation, the electric field forces the liquid 
crystal molecules in each sphere to line up parallel with the field, 
causing the index of refraction of the liquid crystal material to match 
the index of the polymer material, thereby enabling the light rays to 
pass through the layer 172 without deviation or scattering. 

In Figs. 18A and 18C, a second illustrative embodiment of the 
electrically-controllable light scattering structure 182 is shown in the 
form of a thin panel comprising a liquid crystal polymer material 183 
contained between a pair of spaced-apart transparent electrically 
conducting layers 174 and 175 (e.g. ITO) having surfaces that have 
been either rubbed or coated with a molecular aligning layer such as 
polyamide, well known in the CLC art. In this embodiment, the liquid 
crystal material 183 is admixed with a polymer material, but unlike 
the embodiment shown in Figs. 17A and 17B, the resultant material 
does not phase segregate. Instead, the linear liquid crystal molecules 
remain entangled in the polymer material. 

In Fig 18 A, the electro-optical light scattering structure 182 is 
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shown operated in its reflection mode, wherein the crystal molecules 
(depicted as short lines) are lined up parallel with the conducting 
plates 174 and 175 because, for example, the surfaces of the plates 
have been rubbed, causing the molecules to become internally 
5 ordered (e.g. aligned) such that incident light on the layer 183 is 

reflected as shown. This molecular ordering can be thought of as a 
"relaxed ordering" when no external electrical force field is applied 
thereto. 

In Fig. 18B, the electro-optical light scattering structure 182 is 
1 0 shown operated in its reflection mode, wherein an electric field is 

impressed across the layer 183 by applying a voltage across layers 
174 and 175. In this state of operation, the molecules rotate to line 
up parallel to the field and light, propagating parallel to the field, is 
transmitted through the layer 183 without scattering, reflection, or 
1 5 absorption. When the electric field is removed by disruption the 

applied voltage source, the polymer acts as a restoring force to rotate 
the molecules back to their starting relaxed ordering as shown in Fig. 
18A. 

In Fig. 18C, a third illustrative embodiment of the electrically- 
20 controllable light scattering structure 182 is shown comprising liquid 

crystal polymer material 183 contained between a pair of spaced- 
apart transparent electrically-conducting layers 174 and 175 (e.g. 
ITO) having surfaces that have not been rubbed or coated with a 
molecular aligning layer such as polyamide, as in the embodiment of 
25 Figs. 18A and 18B. Thus there is no internal order imposed on the 

liquid crystal material by rubbed bounding surfaces or layers, as in 
the structure of Figs. 18A and 18B. In Fig. 18C, the electro-optical 
light scattering structure 182 is shown operated in its scattering 
mode, wherein there is no internal ordering created by rubbed 
30 surfaces or polyamide layers, or an electric field created by an 
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externally applied voltage. In this mode of operation, the liquid 
crystal material naturally tends towards lowering its internal energy 
by having nearby neighbor molecules align with one another, but 
there is no long range ordering. Thus the regions of material now 
5 scatter light randomly and, without the application an electric field, 

the light incident on the layer 184 is scattered. When an electric 
field is impressed across the panel of Fig. 18C, the molecules 
therebetween swing around to line up with the applied electric field, 
enabling incident light to be transmitted through the panel 182 

1 0 without scattering in a manner similar to that shown in Fig. 18B. This 

is the transmission mode of operation of the electrically-controllable 
light scattering device. 

In Fig, 19, fourth illustrative embodiment of an electro-optical 
light scattering structure (i.e. panel) is shown comprising an isotropic 
1 5 scattering material, such as a liquid crystal polymer, contained 
between a pair of transparent glass panels. Each of these plates has 
an ITO coating upon the glass plate surface, electrical terminals 
connected thereto, and a polyamide layer applied upon the ITO layer. 
Alternatively, the ITO surfaces can be rubbed for initiating molecular 

2 0 alignment in lieu of the ITO layers. 

In Fig. 19 A, the electro-optical light scattering structure of Fig. 19 
is shown operated in its transmission mode, wherein no external 
voltage is applied (i.e. V=Y^^^). In Figs. 19B and 19C, transmission 
and reflection characteristics for this mode of operation are shown, 
2 5 respectively. In Fig. 19D, the electro-optical light scattering structure 
of Fig. 19 is shown operated in its light scattering mode, wherein an 
external voltage V is applied across the ITO surfaces (i.e. V=Vq^). In 
' Figs. 19E and 19F, transmission and reflection characteristics for this 

mode of operation are shown, respectively. As light is transmitted 
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when no external voltage is applied, and scatters when a voltage is 
applied, this structure is said to operate in the "reverse mode". 

In Fig. 20, a fifth illustrative embodiment of an electrically- 
controllable light scattering structure is shown comprising an 
5 isotropic scattering material, such as a liquid crystal polymer (made 

using a different polymer mixing ratio than used in Fig. 19), 
contained between a pair of transparent glass panels. Each of the 
plates has an ITO coating upon the glass plate surface and an 
electrical terminal connected thereto, but is not rubbed or coated 
1 0 with a polyamide or like layer to ensure that there is no high order 
molecular alignment when no external field is applied. 

In Fig. 20A, the electro-optical light scattering structure of Fig. '20 
is shown operated in its scattering mode, wherein no external voltage 
is applied (i.e. y=Voff)- In Figs. 20B and 20C, transmission and 
1 5 reflection characteristics for this mode of operation are shown, 
respectively. In Fig. 20D, the electro-optical light scattering structure 
of Fig. 20 is shown operated in its light transmission mode, wherein 
an external voltage V is applied across the ITO surfaces (i.e. V=y^^). 
In Figs. 20E and 20F, transmission and reflection characteristics for 
20 this mode of operation are shown, respectively. As light is 

transmitted when an external voltage is applied, and scatters when a 
voltage is no applied, this structure is said to operate in the "normal 
mode". 

Such alternative embodiments of the present invention will be 
25 particularly useful when a room is brightly lit at night, and a very 
small amount of light leaking from the inside to the dark outside may 
compromise privacy. 

Having described such alternative embodiments of the present 
invention, further modifications thereto readily come to mind. 
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For example, the electro-optical glazing structures described 
above can be stacked and laminated together, in virtually any 
number or ordering, so as form composite electro-optical glazing 
structures having more than two optical states (e.g. four or more). 
Such electro-optical glazing structures can be used to construct 
sophisticated window systems capable of providing complex levels of 
solar and/or visible radiation control. 

Electrically controlled CLC-based smart windows of the present 
invention can be used in homes, schools, offices, factories, as well as 
m automobiles and airplanes to provide privacy, brightness control 
and reduce thermal loading on heating and cooling systems employed 
therein. 

The electro-op.icaI glazings of the presen. invention can be 
used to maice intelligent sunglasses and sun visors for use in a 
variety of applications. In such embodiments of the presen. 
mveution, the electro-optical glazing structure of the present 
invention is realized in the form of a pair of lenses which are 
mounted within a frame supportable upon the head of its user as in 
conventional eyeglasses or sun-visors. The programmed 
microcontroller, battery, electromagnetic detector, battery recharging 
circuitry and optical state switching circuitry embodied within the 
window frame shown in Figs. 1a' and 12B can be reduced in size and 
embodied within .he ultra-compac. sunglasses frame of this 
Illustrative embodiment of the present invention. 

"""""^ alternative embodiment of the present 
invention, the electro-optical glazing structures of the present 
invention can be mounted before each LCD viewing panel within the 
shutter-type stereoscopic 3-D viewing glasses taught in International 
Publication No. WO 97/43681 by VRex, Inc.. a wholly owned 
30 subsidiary of Reveo, Inc., which is incorporated herein by reference 



15 



20 



<WO 9838547A 1_tA> 



91 

RECTIFIED SHEET (RULE ?1) 



^^^^^^^^'^^ PCT/US98/03688 

its entirety. Advantageously, the application of the present invention 
thereto would provide stereoscopic 3-D viewing glasses having 
several additional modes of operation, wherein the user could simply 
control electromagnetic radiation in either a manual or automatic 
5 manner during stereoscopic 3-D viewing or monoscopic 2-D viewing 

of displayed images (i.e. virtual world viewing), or stereoscopic 
viewing of real world objects while walking, bicycling, jogging, 
sailing, or just lounging about in the rays of the Sun. 

The electro-optical glazings of the present invention can be used 
0 in automotive vehicles, maritime vessels, aircrafts and spacecrafts. 

The modifications described above are merely exemplary. It is 
understood thai other m.>difications to the illustrative embodiments 
will readily occur to persons with ordinary skill in the art. All such 
modifications and \ari.itions are deemed to be within the scope and 
5 spirit of the present invention as defined by the accompanying 
Claims to Invention. 
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1. An electro-optical glazing structure having reflection and 
transmission modes of operation for selectively reflecting and 
transmitting electromagnetic radiation, respectively, said electro-optical 
glazing structure comprising: 

an electro-optical glazing panel . of laminated construction, 
having flrst and second optical states of operation; and 

optical state switching means for switching said electro-optical 
glazing panel to said first optical state of operation in order to induce 
said electro-optical glazing structure into said reflection mode of 
operation, and for switching said electro-optical glazing panel to said 
second optical state of operation in order to induce said electro-optical 
glazing structure into said transmission mode of operation. 

2. The electro-optical glazing structure of claim 1, wherein said 
electro-optical glazing panel comprises: 

a first electrically-passive cholesteric liquid crystal (CLC) 
electromagnetic radiation polarizing panel; 

a second electrically-passive CLC electromagnetic radiation 
polarizing panel; 
and 

an electrically-active 7c-phase retardation panel interposed 

between said first and second electrically-passive CLC electromagnetic 
radiation polarizing panels. 

3. The electro-optical glazing structure of claim 2, wherein said first 
and second electrically-passive CLC electromagnetic radiation polarizing 
panels reflect electromagnetic radiation having a first circularly 
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polarized state when said electro-optical glazing panel is switched to 
said first optical state of operation, 

wherein said first and second electrically-passive CLC 
electromagnetic radiation polarizing panels transmit electromagnetic 
5 radiation having a second circularly polarized state when said 

electro-optical glazing panel is switched to said first optical state of 
operation; and ^ 

wherein said first and second electrically-passive CLC 
electromagnetic radiation polarizing panels reflect or transmit without 
1 0 absorption electromagnetic radiation having either said first state or 
said second state when said electro-optical glazing panel is switched 
to said second optical state of operation. 

4. The electro-optical glazing structure of claim 1, wherein said 

1 5 electro-optical glazing panel comprises: 

a first electrically-active cholesteric liquid crystal (CLC) 
electromagnetic radiation polarizing panel; 

a second electrically-active CLC electromagnetic radiation 
polarizing panel; and 

2 0 an electrically-passive 7r-phase retardation panel interposed 

between said first and second electrically-active CLC electromagnetic 
radiation polarizing panels. 

5. The electro-optical glazing structure of claim 4, wherein said first 
2 5 and second electrically-active CLC electromagnetic radiation polarizing 

panels reflect electromagnetic radiation having a first circularly 
polarized state when said electro-optical glazing panel 
is switched to said first optical state of operation, wherein said first and 
second electrically-active CLC electromagnetic radiation polarizing 
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panels transmit electromagnetic radiation having either 
a right hand a second circularly polarized state and/or a wavelength 
outside said first prespecified bandwidth when said electro-optical 
glazing panel is switched to said first optical state of operation; and 

wherein said first and second electrically-active CLC 
electromagnetic radiation polarizing panels transmit electromagnetic 
radiation having either said first state or said second state when 
said electro-optical glazing panel is switched to said second optical state 
of operation. 

6. The electro-optical glazing structure of claim 1, wherein said 
electro-optical glazing panel comprises: 

first and a second electrically passive single layer electromagnetic 
radiation polarizing panels; and 

an electrically-active tc -phase retardation panel interposed 

between said first and second electrically-passive electromagnetic 
radiation polarizing panels. 

7. The electro-optical glazing structure of claim 1, wherein said 
0 electro-optical glazing panel comprises: 

a first electrically-active cholesteric liquid crystal (CLC) 
electromagnetic radiation polarizing ^panel; and 

a second electrically-active CLC electromagnetic radiation 
polarizing panel adjacent said first electrically-active CLC 
5 electromagnetic radiation polarizing panel. 

8. The electro-optical glazing structure of claim 7, 

wherein said first electrically-active CLC electromagnetic radiation 
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polarizing panel reflects electromagnetic radiation having a first 
circularly polarized state when said electro-optical glazing panel is 
switched to said first optical state of operation, and 
wherein said first electrically-active CLC electromagnetic radiation 
5 polarizing panel transmits electromagnetic radiation having a second 
circularly polarized [(RHCP)] state when said electro-optical glazing 
panel is switched to said first optical state of operation; 

wherein said second electrically-active CLC electromagnetic 
radiation polarizing panel reflects electromagnetic radiation having said 
0 second state when said electro-optical glazing panel is switched to said 
first optical state of operation, 

wherein said second electrically-active CLC electromagnetic 
radiation polarizing panels transmits electromagnetic radiation having 
said first state when said electro-optical glazing panel is switched to 
5 said first optical state of operation; and 

wherein said first and second electrically-active CLC 
electromagnetic radiation polarizing panels transmit more than 50% of 
electromagnetic radiation having either said first state or said second 
state when said electro-optical glazing panel is switched to said second 
0 optical state of operation. 

9. The electro-optical glazing structure of claim 1, which further 
comprises: 

a window frame for mounting said electro-optical glazing panel 
5 within a house or office building, or aboard a transportation vehicle. 

10. The electro-optical glazing structure of claim 9, which further ■ 
comprises: 

a electromagnetic-sensor mounted on said window frame, for 
0 sensing electromagnetic conditions; 
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a battery supply mounted within said window frame, for 
providing electrical power; 

a electromagnetic-powered battery recharger mounted within 
said window frame, for recharging the battery; 
5 electrical circuitry mounted within said window frame, for 

producing glazing control voltages for switching said first and second 
optical states of operation; and 

a programmable micro-computer chip mounted within said 
window frame, for controlling the operation of said battery recharger 
10 and said electrical circuitry, and the production of said glazing control 
voltages as required by a radiation flow control program stored within 
said programmable microcontroller. 

11. The electro-optical glazing structure of claim 1, further comprising: 
5 a frame for an intelligent pair of sunglasses; and 

a pair of said optical glazing elements supported within said 
frame, 

wherein each said optical element is realized using said 
electro-optical glazing structure of claim 1. 

0 

12. An intelligent window system for dynamic electromagnetic radiation 
control which comprises: 

a plurality of said electro-optical glazing structures of claim 10, 
each mounted within a house or office building, or aboard a 
5 transportation vehicle; and 

a central control computer for coordinating the operation of said 
electro-optical glazing structures. 

13. A composite electro-optical glazing structure which comprises: 

3 a plurality of said electro-optical glazing structures of claim 1, 
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Stacked together as a composite electro-optical structure, 

wherein said composite electro-optical structure has more than 
two said optical states of operation which permit complex levels of 
electromagnetic radiation control. 

5 

14. A stereoscopic 3-D viewing device in the form of eyeglasses, 
comprising: 

a pair of optical elements positionable before the eyes of a user of 
said eyeglasses, each said optical element mcluding sa.d electro-optical 
1 0 glazmg structure of claim 1, 

whereby said eyeglasses can control electromagnetic radiation 

during stereoscopic 3-D viewing or monoscopic 2-D viewing of displayed 

images (i.e. virtual world viewing), or during stereoscopic viewing of 
real world objects. 



1 5 
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15. An electro-optical glazing structure which has high reflection, 
semi-transparent and greater than 50% transparent modes of operation 
for improved control over the flow of electromagnetic radiation within 
the solar region of the electromagnetic spectrum (i.e. Solar Spectrum). 

16. A reflective electro-optical glazing structure, in which the modes of 
operation can be electrically-activated or switched, while avoiding the 
use of energy absorbing mechanisms. 



25 



17. The electro-optical glazing structure of claim 1, wherein the 
transmission of the visible portion of the electromagnetic spectrum is 
controlled and wherein the IR portion of the electromagnetic spectrum 



is reflected. 



30 18. An electro-optical glazing structure, comprising an 



'D; <WO 9e38547Al_IA> 



98 



10 



1 5 



20 



25 



wo 98/38547 

PCT/US98/03688 

electrically-active phase retardation panel interposed between a pair of 
single layer electrically-passive electromagnetic radiation polarizing 
panels, both of which are capable of reflecting electromagnetic radiation 
of a first linear polarization state, whereby a highly reflective state of 
operation and a semi-transparent state of operation are provided over 
the electromagnetic region of the electromagnetic spectrum. 

19. An electro-optical glazing structure, comprising an 
electrically-active K-phase retardation panel interposed between a first 
and a second electrically-passive electromagnetic radiation polarizing 
panel, the first panel reflecting electromagnetic radiation of a first linear 
polarization state, the second panel reflecting electromagnetic radiation 
of a second linear polarization state, whereby a reflective state of 
operation and a semi-transparent state of operation are provided over a 
region of the electromagnetic spectrum. 

20. The electro-optical glazing structure of claim 19, wherein the first 
and a second electrically-passive electromagnetic radiation polarizing 
panels are single layer polarizing panels. 

21. An electro-optical glazing structure, comprising an 
electrically-passive ;r-phase retardation panel interposed between a 
pair of electrically-active CLC electromagnetic radiation polarizing 
panels, both of which are capable of reflecting electromagnetic rLiation 
of a first circularly polarized state, whereby a highly reflective state of 
operation and a highly transparent state of operation are provided over 
a region of the electromagnetic spectrum. 

22. An electro-optical glazing structure, comprising a pair of 
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electr,caliy-active CLC elecTom.gne.ic radiation polarizing panels, one 
of which is capable of reflecting electromagnetic radiation of a first 
circularly polarized state and the other of which is capable of reflecin. 
electromagnettc radiation of a second circularly polarized state 
whereby a highly reflective state of operation and a highly transpareiVt 
state of operation are provided over a region of the electromagnetic 
spectrum. 

23. An actively-controlled window or viewing panel constructed from 
the electro-optical glazing structure of claim 1, wherein the 
transmission and reflection of electromagnetic radiation can be 
dynamically controlled over a broad-band region of the electromagnetic 
spectrum, from greater than 50% transmission to high reflection. 



15 



24. An actively-controlled window or viewing panel constructed from 
the electro-optical glazing structure of claim 1, wherein the 
electromagnetic radiation over the IR region of the electromagnetic 
spectrum can be reflected, rather than absorbed, reducing the 
temperature cycle range which the window structure is required to 
20 undergo. 

25. An intelligent window system for installation within a house or 
office building, or aboard a transportation vehicle such as an airplane or 
automobile, wherein an electro-optical glazing structure of claim 1 is 
supported within a prefabricated window frame, within which are 
mounted: a electromagnetic-sensor for sensing electromagnetic 
conditions in the outside environment; a battery supply for providing 
electrical power; a electromagnetic-powered battery recharger for 
recharging the battery; electrical circuitry for producing glazing control 
voltages for driving the electrically-active elements of the 
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electro-optical glazing supported within the window frame; and a 
micro-computer chip for controlling the operation of the battery 
recharger and electrical circuitry and the production of glazing control 
voltages as required by a radiation flow control program stored within 
5 the programmed microcontroller. 

26. The electro-optical glazing structure of claim 1 which is designed 
for integration within the heating/cooling system of a house, office 
building, factory or vehicle in order to control the flow of broad-band 
0 electromagnetic radiation through the electro-optical window structure, 
while minimizing thermal loading upon the heating/cooling system 
thereof. 

27. An intelligent pair of shutter glasses, in which each optical element 
5 is realized using an electro-optical glazing structure of claim 1 fashioned 

to the dimensions of a shutter glass frame. 

28. The electro-optic glazing structure of claim 1, further comprising: 

a reflecting layer for reflecting infrared light, wherein the 
» electro-optic glazing structure of claim 1 controls the 
transmission and reflection of visible light. 

29. The electro-optic glazing structure of claim 1, further comprising: 
a reflecting layer for reflecting UV light, wherein the electro-optic 
glazing structure of claim I controls the transmission and reflection of 
visible light. 

30. The electro-optic glazing structure of claim 1, further comprising: 
a electro-optic glazing structure which controls the transmission and 
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reflection of IR light, wherein the electro-optic glazing structure of claim 
1 separately controls the transmission and reflection of visible light. 

31. The electro-optic glazing structure of claim 1, further comprising: 
a electro-optic glazing structure which controls the transmission 

and reflection of visible light, wherein the electro-optic glazing structure 
of claim 1 separately controls the transmission and reflection of IR light. 

32. An electro-optical glazing structure having reflection and 
transmission modes of operation for selectively reflecting and 
transmitting electromagnetic radiation, respectively, the electro-optical 
glazing structure comprising: 

an electro-optical panel of multilayer construction, having first 
and second optical states of operation; 

optical state switching means for switching the electro-optical 
panel to the first optical state of operation in order to induce the 
electro-optical glazing structure into the reflection mode of operation, 
and for switching the electro-optical panel to the second optical state of 
operation in order to induce the electro-optical glazing structure into the 
20 transmission mode of operation, and 

means for further controlling electromagnetic radiation incident 
on the electro-optical panel. 

33. The electro-optical glazing structure of claim 32, wherein the' means 
25 for further controlling the electromagnetic radiation comprises a means 

for reflecting circularly polarized light. 

34. The electro-optical glazing structure of claim 33, wherein the means 
for reflecting circularly polarized light comprise a cholesteric liquid 

3 0 crystal (CLC) reflector. 
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35. The electro-optical glazing structure of claim 32, wherein the means 
for further controlling the electromagnetic radiation comprises a 
scattering layer for controllably scattering light. 

36. The electro-optical glazing structure of claim 35, wherein the 
scattering layer comprises a fluid medium containing a large plurality of 
anisotropically shaped objects for controllably scattering light, the 
orientation of anisotropically shaped objects controllable by a field. 

37. The electro-opt.cal glazing structure of claim 36x, wherein the 
anisotropically shaped objects are micron size sheets of reflecting 
material. 



5 



38. The electro-optical ^rlazmg structure of claim 37, wherein the 
micron size sheets of reHectmg material are multilayer polymer 

reflectors. 

39. The electro-optical glazing structure of claim 37, wherein the 
micron size sheets of reflecting material are cholesteric liquid crystal 
(CLC) reflectors. 

40. The electro-optical glazing structure of claim 35, wherein the 
scattering layer comprises a polymerized polymer region containing a 
large plurality of inclusions of liquid crystal material. 

41. The electro-optical glazing structure of claim 40. wherein the 
scattering layer comprises a polymer dispersed liquid crystal (PDLC) 
layer. 
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42. The eleclro-optical glazing structure of claim 35, wlierein the 
scattering layer comprises a mixture of a polymer and a liquid crystal 

material. 



5 43. The electro-optical glazing structure of claim 42, wherein the 

scattering layer n,ay be made „on scattering under the influence of an 
electric field. 

44. The electro-optical glazing structure of claim 32, wherein the means 
1 0 for further controlling the electromagnetic radiation comprises a 

mixture of a polymer and a liquid crystal material. 

45. The electro-optical glazing structure of claim 44, wherein the 

mixture of polymer and liquid crystal material is transparent to the 

15 electromagnetic radiation incident on the electro-optical panel when an 
electric field is induced in the mixture. 

46. The electro-optical glazing structure of claim 44, wherein the 
mixture of polymer and liquid crystal material reflects a portion of the 

20 electromagnetic radiation incident on the electro-optical panel when no 
electric field is induced in the mixture. 

47. An electro-optical glazing structure having reflection and 
transmission modes of operation for selectively reflecting and 
transmitting electromagnetic radiation, respectively, the^ electromagnetic 
radiation having a first and a second linear polarization, the 
electro-optical glazing structure comprising: 

an electro-optical panel having first and second optical states of 
operation; and ' 

optical state switching means for switching the electro-optical 
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panel to the first optical state of operation in order to induce the 
electro-optical glazing structure into the reflection mode of operation, 
and for switching the electro-optical panel to the second optical state of 
operation in order to induce the electro-optical glazing structure into the 
transmission mode of operation, 
wherein the electro-optical panel comprises:^ 

a sheet having a large plurality of pairs of layers parallel to a 
surface of the sheet, each pair of layers having a difference between the 
materials in each layer of the pair, the difference being i„ the index of 
refraction for electromagnetic radiation having the first linear 
polarization, wherein there is little difference in the index of refraction 
for electromagnetic radiation having the second linear polarization, the 
total thickness of each pair of layers in the large plurality of layers 
varying non linearly across the sheet. 

48. The electro-optical glazing structure of claim 47, wherein the 
electro-optical panel further reflects circularly polarized 
electromagnetic radiation. 

49. The electro-optical glazing structure of claim 48, wherein the 
electro-optical panel comprises a cholesteric liquid crystal (CLC) 
material. 



0 



50. The electro-optical glazing structure of claim 47, wherein thE 
electro-optical panel selectively transmits and reflects electromagnetic 
radiation of a first bandwidth of the EM spectrum, further comprising a 
reflector of EM radiation which reflects radiation in a second bandwidth 
of the EM spectrum, the reflector of EM radiation comprising a sheet 
having a large plurality of pairs of layers parallel to a surface of the 
sheet, each pair of layers having a difference in the index of refraction 
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between the materials in each layer of the 



pair. 
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51. The electro-optical glazing structure of claim 50, wherein the 
reflector of EM radiation comprises a sheet having a large plurality of 
pairs of layers parallel to a surface of the sheet, each pair of layers 
havmg a difference in the index of refraction between the materials in 
each layer of the pa.r. The total thickness of each pair of layers in the 
large plurality of layers varying non linearly across the sheet. 

52. The electro-optical glazing structure of claim 47, further comprising 
a controllable scattering layer. 



53. The electro-opi.cal gla/.ng structure of claim 52, wherein the 
controllable scattcrmj: la>cr comprises a fluid medium containing a 

15 large plurality of an.so.n.p.cally shaped objects for controllably ^ 
scattering light, the orientation of anisotropically shaped objects 
controllable by a field. 

54. The electro-optical glazing structure of claim 47, wherein 

2 0 electrooptic panel further comprises a means for reflecting circularly 
polarized light. 

55. The electro-optical glazing structure of claim 54, wherein the means 
for reflecting circularly polarized light comprise a cholesteric liquid 

2 5 crystal (CLC) reflector. 

56. The electro-optical glazing structure of claim 47, wherein the 
electro-optic panel further comprises a scattering layer for controllably 
scattering light. 

30 
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57. The electro-optical glazing structure of claim 56, wherein the 
scattering layer comprises a fluid medium containing a large plurality of 
anisotropically shaped objects for controllably scattering light, the 
orientation of anisotropically shaped objects controllable by a field. 

5 

58. The electro-optical glazing structure of claim 57, wherein the 
anisotropically shaped objects are micron size sheets of reflecting 
material. 

10 59. The electro-optical glazing structure of claim 58, wherein the 
micron size sheets of reflecting material are multilayer polymer 
reflectors. 

60. The electro-optical glazing structure of claim 58, wherein the micron 
15 size sheets of reflecting material are cholesteric liquid crystal (CLC) 

reflectors. 

61. The electro-optical glazing structure of claim 56, wherein the 
scattering layer comprises a polymerized polymer region containing a 

20 large plurality of inclusions of liquid crystal material. 

62. The electro-optical glazing structure of claim 61, wherein the 
scattering layer comprises a polymer dispersed liquid crystal (PDLC) 
layer. 

25 

63. The electro-optical glazing structure of claim 56, wherein the 
scattering layer comprises a mixture of a polymer and a liquid crystal 
material. 

30 64. The electro-optical glazing structure of claim 63, wherein the 
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scattering layer may be made non scattering under the influence of an 
electric field. 

65. The electro-optical glazing structure of claim 47, wherein the 
5 electro-optical panel further comprises a layer of a mixture of a 

polymer and a liquid crystal material, 

66. The electro-optical glazing structure of claim 65, wherein the 
mixture of polymer and liquid crystal material is transparent to the 

1 0 electromagnetic radiation incident on the electro-optical panel when an 

electric field is induced in the mixture. 

67. The electro-optical glazing structure of claim 65, wherein the 
mixture of polymer and liquid crystal material reflects a portion of the 

15 electromagnetic radiation incident on the electro-optical panel when no 
electric field is induced in the mixture. 

68. An electro-optical glazing structure having total-reflection and 
transparent modes of operation for selectively reflecting and 

20 transmitting electromagnetic radiation without absorption, respectively, 
said electro-optical glazing comprising: 

an electro-optical panel of laminated construction, having first and 
second optical states of operation; and 

optical state switching means for switching said electro-optical 

2 5 panel to said first optical state of operation in order to induce said 

electro-optical glazing into said total-reflection mode of operation, and 
for switching said electro-optical panel to said second optical state of 
operation in order to induce said electro-optical glazing into said 
transmission mode of operation, 
30 wherein electromagnetic radiation within a first prespecified 
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bandwidth falling incident upon said electro-optical panel is totally 
reflected from said electro-optical panel without absorption when said 
electro-optical panel is switched to said first optical state of operation, 
and 

5 wherein electromagnetic radiation within a second prespecified 

bandwidth falling incident upon said electro-optical panel is transmitted 
through said electro-optical panel without absorption when said electro- 
optical panel is switched to said second optical state of operation. 

1 0 69. The electro-optical glazing structure of claim 68, wherein said first 
prespecified bandwidth comprises the infrared (IR) portion and ultra- 
violet (UV) portions of the electromagnetic spectrum, and said second 
prespecified bandwidth comprises said IR portion, said UV portion and 
the visible portion of the electromagnetic spectrum. 

1 5 

70. The electro-optical glazing structure of claim 68, wherein said 
electro-optical panel comprises: 

a first electrically-passive cholesteric liquid crystal (CLC) 
electromagnetic radiation polarizing panel; 

2 0 a second electrically-passive CLC electromagnetic radiation 

polarizing panel; and an electrically-active ;i-phase retardation panel 

interposed between said first and second electrically-passive CLC 
electromagnetic radiation polarizing panels. 

2 5 7L The electro-optical glazing structure of claim 70, 

wherein said first and second electrically-passive CLC 
electromagnetic radiation polarizing panels totally reflect without 
absorption electromagnetic radiation having a left hand circularly 
polarized (LHCP) state and a wavelength within said first prespecified 
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bandwidth when said electro-optical panel is switched to said first 
optical state of operation, 

wherein said first and second electrically-passive CLC 
electromagnetic radiation polarizing panels transmit without absorption 
5 electromagnetic radiation having either a right hand circularly polarized 
(RHCP) state and/or a wavelength outside said first prespecified 
bandwidth when said electro-optical panel is switched to said first 
optical state of operation; and 

wherein said first and second electrically-passive CLC 

1 0 electromagnetic radiation polarizing panels transmit without absorption 

electromagnetic radiation having either said LHCP state or said RHCP 
state and a wavelength within said second prespecified bandwidth 
when said electro-optical panel is switched to said second optical state 
of operation. 

15 

72. The electro-optical glazing structure of claim 68, wherein said 
electro-optical panel comprises: 

a first electrically-active cholesteric liquid crystal (CLC) 
electromagnetic radiation polarizing panel; 

2 0 a second electrically-active CLC electromagnetic radiation 

polarizing panel; and an electrically-passive ic-phase retardation panel 

interposed between said first and second electrically-active CLC 
electromagnetic radiation polarizing panels. 

2 5 73. The electro-optical glazing structure of claim 72, 

wherein said first and second electrically-active CLC 
electromagnetic radiation polarizing panels totally reflect without 
absorption electromagnetic radiation having a left hand circularly 
polarized (LHCP) state and a wavelength within said first prespecified 
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bandwidth when said electro-optical panel is switched to said first 
optical state of operation, 

wherein said first and second electrically-active CLC 
electromagnetic radiation polarizing panels transmit without absorption 
5 electromagnetic radiation having either a right hand circularly polarized 
(RHCP) state and/or a wavelength outside said first prespecified 
bandwidth when said electro-optical panel is switched to said first 
optical state of operation; and 

wherein said first and second electrically-active CLC 

1 0 electromagnetic radiation polarizing panels transmit without absorption 

electromagnetic radiation having either said LHCP state or said RHCP 
state and a wavelength within said second prespecified bandwidth 
when said electro-optical panel is switched to said second optical state 
of operation. 

15 

74. The electro-optical glazing structure of claim 72, 

wherein said first and second electrically-active CLC 
electromagnetic radiation polarizing panels totally reflect without 
absorption electromagnetic radiation having a right hand circularly 
20 polarized (RHCP) state ^and a wavelength within said first prespecified 
bandwidth when said electro-optical panel is switched to said first 
optical state of operation, 

wherein said first and second electrically-active CLC 
electromagnetic radiation polarizing panels transmit without absorption 

2 5 electromagnetic radiation having either a left hand circularly polarized 

(LHCP) state and/or a wavelength outside said first prespecified 
bandwidth when said electro-optical panel is switched to said first 
optical state of operation; and 

wherein said first and second electrically-active CLC 

3 0 electromagnetic radiation polarizing panels transmit without absorption 
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elecTomagnetic radiation leaving either said LHCP state or said RHCP 
state and a wavelength within said second prespecified bandwidth 
when said eiecro-optica. pane, is switched to said second optica, state 

of operation. 

75. The electro-optical glazing structure of claim 68, wherein said 
electro-optical panel comprises: 

a first electrically-active cholesteric liquid crystal (CLC) 
electromagnetic radiation polarizing panel; and 

a second electrically-active CLC electromagnetic radiation 
polarizing panel adjacent said first electrically-active CLC 
electromagnetic radiation polarizing panel. 

76. The electro-optical glazing structure of claim 75, 

wherein said first electrically-active CLC electromagnetic radiation 
polarizing panel totally reflects without absorption electromagnetic 
radiation having a left hand circularly polarized (LHCP) state and a 
wavelength within said first prespecified bandwidth when said electro- 
opt,cal panel is switched to said first optical state of operation, and 
20 wherein said first electrically-active CLC electromagnetic radiation 

polanzmg panels transmits without absorption electromagnetic 
radiation having either a right hand circularly polarized (RHCP) state 
and/or a wavelength outside said first prespecified bandwidth when 
said electro-optical panel is switched to said first optical state of 
25 operation; 

wherein said second electrically-active CLC electromagnetic 
radiation polarizing panel totally reflects without absorptio^ 
electromagnetic radiation having said RHCP state and a wavelength 
within said flrst prespecified bandwidth when said electro-optical panel 
IS switched to said first optical state of operation, and 



15 



30 



N'SDOCID <WO 9838547A1JA> 



112 



10 



15 



20 



wo 98/38547 

PCT/US98/03688 

« 

Wherein said second electrically-active CLC electromagnetic 
radiation polarizing panels transmits without absorption 
electromagnetic radiation having either said LHCP state and/or a 
wavelength outside said first prespecified bandwidth when said electro- 
optical panel is switched to said first optical state of operation; and 

wherein said first and second electrically-active CLC 
electromagnetic radiation polarizing panels transmit without absorption 
electromagnetic radiation having either said LHCP state or said RHCP 
state and a wavelength within said second prespecified bandwidth 
when said electro-optical panel is switched to said second optical state 
of operation. 

76. The electro-optical glazing structure of claim 68, which further 
comprises: 

a window frame for mounting said electro-optical panel within a 
house or office building, or aboard a transportation vehicle; 



77. The electro-optical glazing structure of claim 76, which further 
comprises: 

a electromagnetic-sensor mounted on said window frame, for 
sensing electromagnetic conditions; 

a battery supply mounted within said window frame, for 
providing electrical power; 

a electromagnetic-powered battery recharger mounted within said 
25 window frame, for recharging the battery; 

electrical circuitry mounted within said window frame, for 
producing glazing control voltages for switching said first and second 
optical states of operation; and 

a programmable micro-computer chip mounted within said 
30 window frame, for controlling the operation of said battery recharger 
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and said electrical circui.ry, and the production of said glazing control 
voltages as required by a radiation flow control program stored within 
said programmable microcontroller. 

78. An intelligent pair of sunglasses, comprising: 
a frame; and 

a pair of optical element supported within said frame, 
wherein each said optical element is realized using sJid electro- 
optical glazing structure of claim 1. 

79. An intelligent window system for dynamic electromagnetic radiation 
control which comprises: 

a plurality of said electro-optical glazing structures of claim 11, 
each mounted within a house or office building, or aboard a 
transportation vehicle; and 

a central control computer for coordinating the operation of said 
electro-optical glazing structures. 

80. An composite electro-optical glazing structure which comprises: 
a plurality of said electro-optical glazing structures of claim 1, 
stacked together as a composite electro-optical structure, 

wherein said composite electro-optical structure has more than 
two said optical states of operation which permit complex levels of 
electromagnetic radiation control. 



81. A stereoscopic 3-D viewing device in the form of eyeglasses, 
comprising: 

a pair of optical elements positionable before the eyes of a user of 
said eyeglasses, 

each said optical element including said electro-optical glazino 



1 1 4 

9838547A1 IA> 



wo 98/38547 

PCT/US98/03688 

Structure of claim 1, 

whereby said eyeglasses can control electromagnetic radiation 

during stereoscopic 3-D viewing or monoscopic 2-D viewing of displayed 

.mages (i.e. virtual world viewing), or dur.ng stereoscopic viewing of 

5 real world objects. 

82. Ar. electro-optical glazing structure which has total-reflection 
semi-transparent and totally transparent modes of operation for 
improved control over the flow of electromagnetic radiation within the 

1 0 solar region of the electromagnetic spectrum (i.e. Solar Spectrum). 

83. An electro-optical glazing structure, in which the modes of 
operation can be electrically-activated or switched, while avoiding the 
use of energy absorbing mechanisms. 
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84. An electro-optical glazing structure having a broad band of 
operation, including the IR, visible and UV portions of the 
electromagnetic spectrum. 

85. An electrically-active -phase retardation panel interposed between 
a pair of electrically-passive electromagnetic radiation polarizing panels 
both of which are capable of reflecting electromagnetic radiation of a 
certain polarization state, whereby a totally reflective state of operation 
and a semi-transparent state of operation are provided over the 
electromagnetic region of the electromagnetic spectrum. 



86. An electro-optical glazing structure, comprising an electrically-active 
-phase retardation panel interposed between a pair of electrically- 
passive electromagnetic radiation polarizing panels, both of which are 
30 capable of reflecting electromagnetic radiation of a linear polarization 
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state, whereby a totally reflective state of operation and a semi- 
transparent state of operation are provided over the electromagnetic 
region of the electromagnetic spectrum. 

87. An electro-optical glazing structure, comprising an electrically. active 
.-phase retardation panel interposed between a pair of electrically- 
passive electromagnetic radiation polarizing panels, both of which are 
capable of reflecting electromagnetic radiation of a linear polarization 
state, one is parallel to other, whereby a totally reflective state of 
operation and a scmi-.ransparent state of operation are provided over 
the electromagnet.c rog.on of the electromagnetic spectrum. 

88. An electro-or.u-.l ,la/,ng structure, comprising an electrically- 
active 7i-phase rciardahon panel interposed between a pair of 
15 electrically-passive clc.romagnet.c radiation polarizing panels, both of 
which are capable of rcflcct.ng electromagnetic radiation of a linear 
polarization state, one .s perpendicular to other, whereby a totally 
reflective state of operation and a semi-transparent state of operation 
are provided over .he electromagnetic region of the electromagnetic 
20 spectrum. 

89. An electro-optical glazing structure, comprising an electrically- 
active K-phase retardation panel interposed between a pair of 
electrically-passive cholesteric liquid crystal (CLC) electromagnetic 
2 5 radiation polarizing panels, both of which are capable of reflecting 

electromagnetic radiation of a LHCP state, whereby a totally refle^ctive 
state of operation and a semi-transparent state of operation are 
provided over the electromagnetic region of the electromagnetic 
spectrum. 
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90. An electro-optical glazing structure, comprising an electrically- 
active 71 -phase retardation panel interposed between a pair of 
electrically-passive CLC electromagnetic radiation polarizing panels, 
both of which are capable of reflecting electromagnetic radiation of a 
RHCP state, whereby a totally reflective state of operation and a semi- 
transparent state of operation are provided over a broad-band region of 
the electromagnetic spectrum. 

91. An electro-optical glazing structure, comprising an electrically-active 
TT-phase retardation panel interposed between a pair of electrically- 
passive CLC electromagnetic radiation polarizing panels, one of which is 
capable of reflecting electromagnetic radiation of the LHCP state and the 
other of which is capable of reflecting electromagnetic radiation of the 
RHCP state, whereby a totally reflective state of operation and a semi- 
transparent state of operation are provided over a broad-band region of 
the electromagnetic spectrum. 

92. An electro-optical glazing structure, comprising an electrically- 
2 0 passive Ji-phase retardation panel interposed between a pair of 

electrically-active CLC electromagnetic radiation polarizing panels, both 
of which are capable of reflecting electromagnetic radiation of the LHCP 
state, whereby a totally reflective state of operation and a totally 
transparent state of operation are provided over a broad-band region of 
2 5 the electromagnetic spectrum. 

93. An electro-optical structure, comprising an electrically-passive k- 
phase retardation panel interposed between a pair of electrically-active 
CLC electromagnetic radiation polarizing panels, both of which are 
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capable of reflecting electromagnetic radiation of the RHCP state 
Whereby a totally reflective state of operation and a sem.transparent 
state of operation are provided over a broad-band region of the 
electromagnetic spectrum. 
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94. An electro-optical glazing structure, comprising a pair of electrically- 
active CLC electromagnetic radiation polarizing panels, one of which is 
capable of reflecting electromagnetic radiation of the LHCP state and the 
other of which is capable of reflectmg electromagnetic radiation of the 
RHCP state, whereby a totally reflective state of operation and a totally 
transparent state of operation are provided over a broad-band region of 
the electromagnetic spectrum. 

95. An actively-controlled window or viewing panel constructed from 
the electro-optical glazing structure of the present invention, wherein 
the transmission of electromagnetic radiation can be dynamically 
controlled over a broad-band region of the electromagnetic spectrum, 
between 50% transmission to 100% reflection and between 100% 
transmission to 100% reflection. 

96. An actively-controlled window or viewing panel constructed from 
an electro-optical glazing structure, wherein the transmission of 
electromagnetic radiation over the UV and IR regions of the 
electromagnetic spectrum can be totally reflected, rather than absorbed, 
reducing the temperature cycle range which the window structure is 
required to undergo. 

97. An actively-controlled window or viewing panel constructed from 
an electro-optical glazing structures, wherem only UV and IR radiation 
is reflected at the window surface, while electromagnetic radiation over 
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the visible band is transmitted to the interior environment being 
maintained under thermal control. 



or 



98. An intelligent window system for installation within a house 
office building, or aboard a transportation vehicle such as an airplane or 
automobile, wherein an electro-optical glazing structure thereof is 
supported within a prefabricated window frame, within which are 
mounted: a electromagnetic-sensor for sensing electromagnetic 
conditions in the outside environment; a battery supply for providing 
electrical power; a electromagnetic-powered battery recharger for 
recharging the battery; electrical circuitry for producing glazing control 
voltages for driving the electrically-active elements of the electro- 
optical glazing supported within the window frame; and a micro- 
computer chip for controlling the operation of the battery recharger and 
1 5 electrical circuitry and the production of glazing control voltages as 
required by a radiation flow control program stored within the 
programmed microcontroller. 

99. An electro-optical window structure which • is designed for 
20 integration within the heating/cooling system of a house, office building, 
factory or vehicle in order to control the flow of broad-band 
electromagnetic radiation through the electro-optical window structure, 
while minimizing thermal loading upon the heating/cooling system 
thereof. 



100. An intelligent pair of shutter glasses, in which each optical 
element is realized using an electro-optical glazing structure fashioned 
to the dimensions of a shutter glass frame. 
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